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SECTION I 

INTRODUCTION 

This report presents the results of an Investigation for representing 

the transient elect.roü'ignetlc coupling through a rectangular aperture by 

mean* of the slugularlty expansion method. 

The singular ley expansion method, which was introd ced by Baum in 1971 

(ref. 1), has been subsequently applied to many scatterer geometries* 

The essence of th^ singularity expansion method is the representing of 

the temporal response of a body in terms of the complex natural frequencies 

for the body. 

Taylor et al. point out that the singularity expansion for an aperture 

in an infinite perfectly conducting screen can be determined in terms of that 

for the complementary perfectly conducting plate by way of Babinet's 

principle (ref. 2). This approach was taken in the work reported here. The 

remaining discussion is directed to the equivalent problem of determining 

the current distributions on the complementary plate geometry. 

i 

Rahraat-jamil and Mittra have derived a coupled pair of Hallen-type 

integral equations governing the current behavior on the rectangular plate 

(ref. 3). The work reported here builds on their work by generalizing the 

integral equations and solution method to the complex frequency plane for the 

1. Baum, C. E., "On the Singularity Expansion Method for the Solution of 
Electromagnetic Interaction Problems," Interaction Note 88, Air Force 
Weapons Laboratory, Kirtland AFB, NM» December 1971. 

2. Taylor, C. D., Crow, T. T., and Chen, K-T, "On the Singularity Expansion 
Method Applied co Aperture Penetration: Part I Theory," Interaction Note 
134, Air Force Weapons Laboratory, Kirtland AFB, MM, May 1973. 

3. Rahmat-Samil, Y. and Mittra, R., "Integral Equation Solution and RCS 
Computation of a Thin Rectangular Plate," Interaction Note 156, Air Force 
Weapons Laboratory, Kirtland AFB, NM, December 1973. 

ir-: "'--"- - —-■ 
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SEM application. The same method-of-moments formulation, as described In 

(ref. 3), Is used. I.e., two-dimensional pulse expansion functions with 

collocation testing. 

In order that the computation time be practical In a problem of this 

complexity, a great deal of care was given to algorithmic streamlining In the 

conduct of this work.  The streamlining Includes maximum exploitation of 

geometric symmetry, organization of calculations to make use of redun- 

dant terms and partial terms occurring in the calculation, and direct 

algorithmic exploitation of matrix sparseness. The end result is a highly 

efficient computer code.  Key features of the algorithms are dis- 

cussed in this report. 

The pulpe expansion appears to be inadequate in accurately modeling the 

rectangular plate. The difficulty, which relates to representing the actual 

size of the plate, is demonstrated and discussed herein. Remedies for the 

problem are suggested, but they are outside the scope of the present work. 

fly holding the zoning scheme invariant while the aspect ratio of the 

plate was changed, self-consistent pole trajectories for thu  four fundamental 

modes were determined.  For the reasons cited above, these poles cannot claim 

to be the exact poles for the body. They are, however, indicative of the 

trends in the pole behavior for the plate under change in aspect ratio. These 

results are reported and discussed in this context. 

 ---■-—'■"-"-  
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SECTION II 

THIN-PLATE INTEGRAL EQUATION FORMULATION 
FOR COMPLEX WAVENUMBER 

Rahmat-Samll and Mittra   (ref.  3) give an Integral equation formulation 

for the rectangular plate subject to tlme-harmonlc excitation.    Their results 

may be directly extended to the complex wavenumber case.    That Is, for the 

geometry In Figure  1 with exp[st]   time dependence,   s = a + jü) complex,  and an 

incident plane-wave magnetic field component 

^-[H1!!    +H1u    +H1u]  exp[j(k   x + k    y + k    z) ]   the following ox    x oy    y        oz    zJ      yiJV x y ^ z    ' ■' e 

coupled integral equations result: 

KCx.ylx'.y')  dx' dy'  = i-j        «   ) exp[j (kx x + k   y) ] 

I CJj ^ exp[j(n + I)*] J   ..(-sp/c) n+l" 

.n-1 
L ( exp[j(n " 1)*]  Jn-1 (-sp/c^ (1) 

The kernel is given by 

K(x,y  |   x'^')  = exp[-sR/c]/R (2) 

with 

R-   [(X - x')2 +  (y - y')2]]/2 

The J (x,y) and J (x,y) denote the respective x and y components of current 

on the plate; J (?) denotes the Bessel function of the first kind; the C are 
n n 

unknown constants; c is the velocity of light; and (p,4>)  are the polar coor- 

dinates for the point (x,y) on the plate. Equation (1) holds for 

xe (-L/2,L/2) and ye (-w/2,w/2), and z = 0. 

It is pointed out that the two integral equations represented by (1) are 

iftliiililiii     i ' 



—--• - ' ' '■■  •^WP»»' 

Figure 1.     Geometry   )f the Rectangular Plate 
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coupled through the C    In the summation In the right-hand side.    This sum- 
v 

matlon Is simply a Bessel function expansion of the homogeneous solution to 

the wave equation which occurs In the derivation of (1).    Details of arriving 

at this expansion are found In  (ref. 3).    The pair of Integral equations  (1) 

Is complete In the sense that no additional constraints are needed to cor- 

rectly specify the currents.    It Is noteworthy, however,  that current 

solutions to (1)  satisfy the Melxner's edge condition (ref.  4).    Namely, 

Jx[±(L/2 - d), y] 

Jy[±(L/2 - d),  y] 

Jxtx,±(w/2 - d)] 

Jy[x,±(w/2 - d)] 

rl/2 

,-1/2 

d1/2y 

d -»- 0 (3) 

The ability of a numerical solution to approximate the behavior of eqn.   (3)  is 

a key point in a subsequent  discussion. 

4.     Bladel, j. Van, Electromagnetic Fields. McGraw-Hill, New York, pp. 385-387, 
1964. ~       ~ ^ 

AMMlKktaiiMMdMi 
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SECTION III 

SYMMETRY CONDITIONS FOR THE NATURAL MODE CURRENTS 

The natural frequencies of (1) occur when the complex frequency a Is 

such that there are non-trivial J and J and the accompanying C 

satisfying (1) for H = 0.  Such J and J solutions are natural mode 
x     y 

current solutions for the rectangular plate, and the concomitant value of s 

is a pole of the plate. The vanishing of incident wave dependence gives 

rise to symmetry in the integral equations.  By discerning the symmetry 

relations £ priori and bringing them to bear upon solution procedures, one 

gains significant computational savings In the numerical solution for poles 

and natural modes. These symmetry relations are explored in this section. 

The excitation-free form of (1) is 

L/2      W/2 CO f 

T        f    Jx    K(x,y|x',y')   dx'  dy'  = ^    £  M^1 exP[^n + lW  Jn+1   (-Sp/c) 

-L/2 -w/2 

+ j""1  exp[j(n-lH]  J n-1  (-SP/C>) (4a) 

and 

L/2    w/2 

T       T    Jy KU^jx'^')  dx' dy' ire 
s '■t n+1 ][ CJ j        exp[j(n+i)^ j^+i (-Sp/C) 

.n-1 
'n-l   (-SP/c)) 

-L/2 -w/2 

- j"""  exp[j(n - 1)(J.]  Jr  ,   (~sp/c))     (4h) 

By using the symmetry of the Bessel  function with respect to order,  expanding 

the exponentials by way of Euler's identity,  and appropriately adjusting  the 

indices,  one arrives at the following equation after some manipulation. 

10 
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L/2 w/2 

/  / Jx K dx' dy' 

-L/2 -w/2 

TVC 

s 
• I < Jn  dn [cosCn + 1)$ J    A'tp/c) - un_1 coe(n - 1)$  J  (-ap/c) ] 
n-0 V, 

- jV [8in(n + I)«, ^(-sp/c) - flin(n - 1)* J^-sp/c) ]|  (5 a) 

and 

L/2 w/2 

J  J  Jy K dx' dy' 
-L/2 -w/2 

1TTC 

S I 
n-0 

(jn+1 < [8in(n + IH J^J-sp/c) + sln(n - IH J ^(-sp/c)] 
nri n—i 

.n.- 
+ j dn [co8(n+l)(J, Jn+1(-8p/c) + un_1 cosCn - 1)* J ̂ (-sp/c)^ 

(5b) 

where 

and 

d~ = C ± C 
n   n   -n 

u -f1' n^0 n
 \p, n < 0 

It ia noted that the d multiply terms containing cosine functions in the J 

equation, while they multiply terms containing sine functions in the J 

equation.  The situation is reversed for the d . 

Because of the symmetry properties of the kernel, the integral operator 

on the left-hand sides of (5) produces a function whose symmetry character is 

identical to that of the current on which it operates. Then, for a given 

+ 
current symmetry, only part of the d  on the right-hand side may be non- 

zero because of the symmetries possessed by the trigonometric terms.  Thus, 

the respective symmetries for J and J , which are compatible, and the 
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surviving terms In the right-side series may be discerned by 1) postulating a 

symmetry for J , 2) determining from (5a) which right-hand side terms survive so 

as to be compatible with the J symmetry, 3) observing In (5b) the variation 

which terms have non-zero coefficients, and A) determining the J symmetry 

conditions compatible with the postulated J symmetry conditions. 

For example, 1. J Is symmetric with respect to the y axis and antl- 

symmetric with respect to the x axis, oily sln(n + l)^ terms with n even are 

compatible In (5<»). Thus, cnly d  , n even, may be non-zero.  In the right- 

hand side of (5b), the coefficients multiply co8(n + 1)$  terms with n even. 

These cosines sum to functions which are antisymmetric with respect to the 

y axis and symmetric with respect to the x axis. Stated mathematically, if 

(6a) Jx(x,y) ■ Jx(-x,y) 

and 
J  (x,y) = -Vx.-y) 

then 
d+-0. for all n. 

d-.o. n odd. 

and 
Jy(x,y) ■ -J (-x,y) 

Jy(x,y) - J (x,-y) 

(6b) 

(6c) 

(6d) 

(6e) 

(6f) 

These vector symmetries are in accord with the general symmetry relations 

given by Baum (ref. 5). The information in (6) may be used to reduce the 

complexity of the integral equations (4), viz., by (6a,b,e,f) the range of 

each integration may be halved while by (6c,d) the zero terms of the right- 

hand side are known a priori: 

L/2 w/2 

J  J  Jx ^(x.ylx'.y1) dx« dy' 

TTC 

0 

n=0 
n even 

- ,n-l 
[sln(n + 1H Jn_1(-sp/r) - sin(n - I)* Jn_1(-sp/c)]   (7a) 

5.  Baum, C. E., "Interactior of Electromagnetic Fields with any Object 
which has an Elec romagnetic Symmetry Plane," Interaction Note 63, 
Air Force Weapons Laboratory, Kirtland AFB, NM, March 1971. 

12 
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and 

L/2    v/2 

J       J   J    K^U.ylx'.y') dx' dy' 
0        0 

00 

TTC r     .n+1   ,— 
— l    j d    [co8(n + 1)^ J       (-uo/c) + u      cos(n - l)<f J    .(-sp/c)]     (7b) 

n even 

where 

K    (x.ylx'.y') = KCx.ylx'.y')  - K(x,y|-x,,yI) 

+ KCx.ylx'.-y')  - K(x,y|-x,,-y') (8a) 

and 

K    (x.yjx'.y')  = K(x.y!x',y')  + K(x.y|-x',y') 

- KU.ylx'.-y')  - K(x,y|-x',-y') 

For  subsequent  reference 

K^x.ylx'.y') = K(x.y|>',y') + K(x,y|-x'.y') 

+ K(x.y|x,.-y,) + K(x.y|-x'.-y') 

and 

(8b) 

(8c) 

K (x.ylx'.y') = K(x.y|x,,y') - K(x.y|-x'.y') 

- K(x.y|x,,-y') + K(x.y|-x'.-y') (8d) 

are defined as well. Equations (7) are enforced for z = 0, x e (O.L/2) 

and y e (O.w/2). 

Table 1 sunnnarizes the four symmetry cases which are derived aL, in the 

foregoing discussion. By means of this table,four integral equation pairs 

can be constructed in the spirit of (7) by replacing the kernels in (7) with 

the appropriate kernels from the table and retaining only the non-vanishing 

terms in the series expansion. 

Figure 2 depicts qualitatively the respective modal current distributions 

for the lowest frequency natural raasonance exhibiting each symmetry. 

 ..-^.^ 
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(b) 

(c) 

(d) 

Figure 2.     Lowest Order Natural Mode Current Pairs for Each of the 
Synnnetry Cases,    a) Jx Symmetric w.r.t. x-Axls and Symmetric 
w.r.t.  y-Axls,    b)  Symmetric-Antisymmetric,    c) Antisymmetric- 
Symmetric, and    d) Antisymmetric-Antisymietric 
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SECTION IV 

THE NUMERICAL MODEL 

The integral equation pair of the form (7) for each of the four sym- 

metry cases can be dlscretlzed by the method of moments. In the work reported 

here, two-dimensional, subsectlonally constant expansion functions were used 

with collocation testing. The zoning scheme Is represented In Figure 3. 

The unknown currents J and J were expanded in plecewise constant 

functions as in (ref. 3) with subsectioning of the form given in Figure 3. 

Notice that half-width patches are used at the edges of the plate so that 

match points lie precisely on the edge of the plate. The half-width pulse 

has proved useful in realizing the actual electrical size of a body in one- 

dimensional problems (ref. 6)« Some numerical experimentation was also done 

with full-sized pulses on the edges and comparative results are reported in 

a later section.  Some difficulties occur in definition of the edge of the 

plate in the present formulation because of the preäcace of two current 

components which have the asymptotic behavior given in (3).     This 

difficulty   is  discussed in a later section. 

The boundary condition J    =»0 must be enforced on selected patches J norm 

at the edge of the place as discussed in (ref. 3).  Concomitantly, only as 

many d^s are retained in the right-hand side summation   in (7) as 

there are current values preasslgned to zero. The shaded patches in Figure 3 

Indicate the selection of patches where a current component is preasslgned a 

zero value. At the comer patch, both components are preasslgned zero values. 

6.  Butler, C. M., "Integral Equation Solution Methods," in "Wire Antennas 
and Scatterers," Short Course Notes, lK:i.verslty of Mississippi, 
April 1972.  (See also IEEE Trans., v. AP-20, pp. 731-736, 1972.) 
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Figure 3.     Subsectioning for the Discretization of  the Integral Equations 
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By assigning one match point per (ixpanalon patch and by retaining one 

serleb expansion term for each current /alue preasalgned In each of the two 

Integral equations, a consistent (I.e. square) system of linear equations 

results. The truncated summation Is taken to the left-hand side so that a 

homogeneous system results. The matrix organization used to represent these 

equations is given In Figure h.    Table 2 defines the computer variables 

noted in Figure 4, pjrimarllv for reference purposes In the next section. 

The matrix that results is a function of the complex frequency s. A 

natural resonance occurs when s has a value such that the matrix has a zero 

determinant; hence, the homogeneous system of equations has a non-trivial 

solution. The next SwCtlon explores some algorithmic considerations in the 

efficient generation and manipulation of the matrix. 

18 
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Figure 4.    Organization of the System of Linear Equations 
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Table 2 

MATRIX FORMUIATION PARAMETERS 

Nil 

NI2 - Nil 

NPREJ 

NPREI 

NJ1 - NI1-NPREJ 

NJ2 = NI2-NPREI 

■} 

Number of match points on the zoned quadrant of the plate. 

Number of patches along the |x| = L/2 edge where J 

is preasslgned to zero. 

Number of patches along the |y| ■ w/2 edge where J 

Is preasslgned to jero. 

Number of unknown current values in J expansion. 

Number of unknown current values in J expansion. 

NJ3 
NPRE? " NPREI~NPREJ Number of  preasslgned current values  (Also  the number of 

coefficients retained in summation). 
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SECTION V 

ALGORITHMIC CONSIDERATIONS IN 
EVALUATING THE SYSTEM DETERMINANT 

Some considerations taken into account in generating the system matrix 

and evaluating its determinant efficiently are discussed in this section. 

Since these two operations must be repeatedly carried out for many values of 

s in the course of determining the natural frequencies of the plate, it is 

essential that clean, efficient computer programming and coding be used so 

that execution of the program will be affordable. The volume of code in the 

algorithms is consistently compromised toward a larger size in order to meet 

the following two time-efficient objectives: 

1. Avoidance of calculating the same quantity twice; and 

2. Avoidance of logical decisions, particularly those which might 

be imbedded in loops. 

The program is discussed in the context of the following major segments: 

1. Computation of an "interaction matrix"; 

2. Construction of the non-zero submatrices of the system matrix 

from the interaction matrix; 

3. Computation of the series terms' submatrix; and 

4. Determinant evaluation. 

The major contribution to the elimination of redundant calculations is 

the one-time computation of an "interaction matrix" which is made up of the 

individual kernel integral terms from (2) for all argument combinations 

which occur in the computation. The subsequent program step then picks, by 

subscript, entries from this matrix and constructs the appropriate kernel 

from one of equations (8) according to the symmetry conditions being solved. 

This procedure can be viewed in terms of the layout given in Figure 5a. The 

terms in the interaction matrix are those evaluated for the match-point as 

21 
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Figure 5. a) Conceptual Zoning for Calculation of the Interaction ( Q1 

Matrix, b) Example of the Four Interaction Contributions 
to a Single Source Term 
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shown In the lower left with the source patches indexed over the entire 

plate to generate the matrix. Thus, all geometric relationships which occur 

in the kernel terms are encompassed in the calculation. Note that all source 

patches are full patches for this calculaMon. The effect of half patches 

at the edges is accounted for by weighting by a factor of 1/2 the edge con- 

tributions. The kernel integral appropriate to the symmetry is constructed 

by summing with correct signs the appropriate elements from the matrix. 

Figure 5b gives an example of the four source patches entering into one 

kernel integral. 

Differing degrees of sophistication are required in the calculation of 

the interaction terms depending on the spacing of the patches for which an 

interaction is being calculated. For the self patch, i.e., the patch in which 

the match-point resides, the integration of the kernel must be performed 

analyticaHy because of the integrable singularity in the kernel there. 

Appendix A gives a series approximation to this integral.  The result in 

Appendix A is evaluated directly in the program. For the patches adjacent to 

the patch containing the match point, the kernel is a rapidly varying but 

well-behaved function.  The integration over these patches is evaluated 

numerically by a polynomial approximation. For patches further separated, 

the kernel is slowly varying and the integral is evaluated approximately as 

the product of the value of the kernel at the center of the patch and the 

area of the patch. 

Some minor time economy is achieved in the matrix filling algorithm, 

which is a four-dimensional loop. The economy is found in the form of 

decision-free indexing,  that Is, the source contributions from interior 

patches, from |x| = L/2 edge patches, from |y| = w/2 edge patches, and from 

comers take on different forms.  Rather than index over all source patches 

23 

MiM       ,.-^yB^M>-^^^.... 



 ———— ■ -"■ "" —-    ■ ■ 

with logical decisions Implemented to discriminate among the lour  cases 

above, four different loops are used. 

The computation of the series term submatrlx Is relatively straight- 

forward.    Because the Bessel-trlgonometrlc products appear In two terms each, 

they are all precalculated and stored In a vector.    The Individual terms are 

then constructed from them. 

The determinant evaluation profits significantly from an erploltatlon 

of the sparceness of the matrix.    Either of two approaches may be taken to 

the sparce matrix manipulations.    One is to separate the matrix algebraically 

and calculate an Inverse as a composite of  inverses of terms  involving  the 

submatrices.    The alternative approach is to attack Ci.a matrix directly with 

Gaussian elimination,  and to exploit the sparceness directly in the algorithm. 

The latter approach was chosen for the present purpose because it is judged 

to be slightly faster computationally    and because in order   to determine 

natural mode solutions for the SEM formulation, the homogeneous system of 

equations occurring at a pole must be backsolved.     The algorithm resulting 

from the second approach is described in Appendix B. 

The determinant evaluation routine Itself appears in Appendix C as 

the  function  routine CPLATE. 

24 
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SECTION VI 

NUMERICAL CHECKS ON THE ACCURACY OF THE POLES 

The results of some numerical checks on the accuracy of the pole location 

as determined from the numerical model described In Sections II through V are 

reported.    It Is shown that the model predicts well the poles for narrow 

strips possessing essentially thin scatterer resonance properties.    Difficul- 

ties occur, however.  In obtaining self-consistent results under different zone 

sizes for plates with larger aspect ratios.    It Is conjectured that the 

difficulty occurs because the subsectlonally constant current representation 

Is Inadequate to represent the correct edge behavior for the currents- 

part Icularly the singular behavior for the parallel component.    The rationale 

behind this conjecture Is discussed. 

Initial tests on the accuracy of the model were made for a rectangular 

strip with a shape ratio w/L ■ 1/10.    Such a strip has an approximate equiv- 

alent dlpole whose dlameter-to-length ratio Is l/lOrr. 

Figure 6 gives the results of pole determinations for the first two 

poles for various numbers of pulses in the expansion of the current and for 

two different treatments of the edge pulse.    The strip was zoned with one 

pulse across a quadrant.    The numbers indicated in the figure are the numbers 

of pulses along the longitudinal direction of a quadrant.    The "half-pulse" 

results are those obtained by the zone scheme described in Section IV where 

half-width pulses are placed at the edge so that match points fall at the 

edge.    The "full-pulse" results are those obtained by zoning the plate with 

equal-sized pulses over the entire quadrant.     In the latter case an 

a posteriori adjustment is made in the data correcting the length of the 

strip such that the end of the corrected strip lies at the end match-point. 
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Figure 6.  Calculated Pole Locations for Thin-Strip for Varying Numbers 
of Zones In the x-Dlrectlon and Different Edge Treatments 
(Cylinder Results from Ref. 6) 
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It la seen that the differences sre small both for varying order and 

Increasing pulse density. The NX = 6 results for the second pole show some 

departure from the trend established by the results for NX <■ 4 and NX - 5. 

This Is attributable to the fact that the matrix Is on the brink of numerical 

Instability for NX * 6. The results for NX - 7, which are not shown, are 

observed to be meaningless because of the Instability manifested. 

For comparison purposes, the first two poles for an equivalent cylinder 

(one whose circumference equals the strip width) are given as found In 

ref. 7.   These results are judged reliable Inasmuch as they have been cross- 

checked among several integral equation formulations and for several method- 

of-moments schemes. The equivalent i-adius taken is, of course, an approx- 

imation.  It is seen that the half-pulse solutions compare slightly more 

favorably with the cylinder results.  Because of this, and moreover, because 

the a posteriori data adjustment is avoided with the half-pulse scheme. It 

was used consistently in the remainiug solutions. 

The stable convergence properties of the numerical model exhibited for 

the thin-strip solution are not manifested for higher aspect ratios. The 

reason for the difference is that the strip is essentially a one-dimensional 

problem and the transverse (y-directed) component of current has little 

effect on the dominant longitudinal current. For wider structures the coupling 

is significant and inadequacies in the modeling of the singularities of the 

currents produce inaccuracies which are highly sensitive to zoning. 

Figure 7 shows the results obtained for a pole trajectory as a function 

of the shape factor w/L where the zoning in the y-dlrection was adjusted 

7. Umashankar, K. R., "The Calculation of Electromagnetic Transient Currents 
on Thin Perfectly Conducting Bodies Using the Singularily Expansion 
Method," Ph.D. Thesis, University of Mississippi, pp. 33-34, August 1974, 
(See also Tesche, F. M., IEEE Trans., Vol. AP-21, No. 1, pp. 53-62, 1972.) 
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Figure 7.  Computer Pole Trajectory Under Varying w/L with Zoning Changes 
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according to the value of w. It is evident that the solutions are unstable 

with respect to the zoning on the plate. Attempts to IncveaRe the numbor of 

zones significantly to Improve upon the situation resulted In numerical 

instabilities in the matrix which cause the pole search iteration to fail. 

The reason for the difficulty manifested in Figure 6 is believed to lie 

in the way that the edge of the plate is defined witl. the piecewise constant 

current expansion. Consider the characteristics of the two current components 

along a line traversing the plate in the y-directicn as shown in Figure 8. 

The correct edge behavior at |y| ■ w/2 is that given in equations (3). The 

zoning scheme, however, forces J (x,±w/2) to take a finite value. The current 

extrapolates to a singular point for some y >  w/2, i.e., the numerical model 

represents a plate whose width is greater than w. 

If the number of transverse zones is increased as indicated by the 

dashed curve in Figure 8, the steepness of the edge behavior of J is 
X 

increased, and the extrapolation is characteristic of a narrower plate as 

compared to the first case. This narrowing of the effective width in the 

model is reflected in an increased Q (resonance quality factor) as the jumps 

in Figure 7 indicate. 

One is tempted to conclude that a full-width pulse at the edge is a 

cure for the problem since the point at which the pulse current is defined 

is shifted relative to the edge as zoning is changed with full-width pulses. 

The effect of this procedure is to transfer the problem from component of 

current whqse behavior is singular at the edge to the component which goes 

to zero.  With full pulses at the edges, the normal component of current 

would go to zero interior to the plate rather than at the edge as it properly 

should. 

An approach which is potentially a remedy for this difficulty is 

discussed in the conclusions. 
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Figure 8.     Behavior of Singular Component of Current at  the Edge Under 
Change in Transverse Zoning 
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SECTION VII 

POLE TRAJECTORIES AS A FUNCTION OF SHAPE RATIO 

Figure 9 gives the results obtained for pole location for the lowest 

order pole of each of the symmetries as a function of w/L, Clearly, as the 

previous section indicates, the results cannot be taken as the correct 

results for the plate.  However, the zoning was fixed for all w/L and the 

results are expected to reflect the proper trends for these trajectories. 

The ++ and +- modes are in essence dipole modes, and their poles show 

the general lowering of 0 as w/L increases.  (The ++ Indicates that the J 

component is symmetric both with respect to the x and y axes - see Table I.) 

The — i3ode can be thought of as a dipole mode in the transverse direction. 

As a result if shows a strong frequency dopendenc , on the transverse dimension 

w.  When w/L = 1, the — mode is identical to the 4+ mode rotated spatially 

90 degrees.  Consequently, the two trajectories coalesce as w/L ->• 1, when 

the zoning is 5x5 so as to preserve symmetry in the numerical mode. The 

failure of the 5x3 zone case is due to the reasons outlined in the previous 

section. 
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Figure 9.     Pole Trajectories as Computed with Zoning Fixed 
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SECTION VIII 

CONCLUSIONS 

The application nf SEM to the equivalent problems of the perfectly 

conducting rectangular plate and the rectangular aperture in a perfectly 

conducting screen has been conducted with partial success.    The applicability 

of SEM and the computational feasibility of determining SEM quantities are 

demonstrated.    It is further demonstrated that by careful program construc- 

tion,  the computational costs of numerical treatment of two-dimensional 

problems can be made quite reasonable.    The cost of generating a matrix and 

calculating its determinant by the methods discussed herein is «Less than 

10 cents for each value of s. 

Difficulties arise in the subsectionally constant current zoning be- 

cause of a failure to properly model the edge conditions.    Whereas Rahmat-Samii 

and Mittra (ref.  3)  obtained good radar cross-section results with such a 

zorxng scheme,   the pole locations are highly sensitive to the zoning.    Radar 

cross-section is a far-field quantity, and the integrated effects of the 

errors are small there.    The pole locations, on the other hand, depend strongly 

on the dimensions of the structure, and it is evident that the plate size 

must be brought to bear in a precise fashion for the pole locations to be 

correct. 

The edge problem can be remedied by imposing the edge conditions 

(3)  directly in the basis set  elements for edge zones. 

Davis has done this successfully for the circumferential component of current 

on a thick cylindrical scatterer (ref.  8).    The circumferential current 

8.    Davis, W. A.,   "Numerical Solutions to the Problem of Electromagnetic 
Radiation and Scattering by a Finite Cylinder," Ph.D.  Thesis, University 
of Illinois,  1974. 
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component Is singular at the ends of the cylinder.    The Introduction of the 

singular basis element will produce a significant complication to the 

problem In that a second singularity»  that of the current, must be Inte- 

grated analytically In order to Implement the model with edge conditions 

Imposed.    An Independent  check on program accuracy Is dictated for a 

problem of this scope before proceeding with the edge condition approach. 
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APPENDIX A 

THE SELF-PATCH INTEGRATION 

The term for the Interaction matrix for IDIF - JDIF - 0, i.e., where the 

match point lies at the center of the source patch, can be written 

Ax/2 Ay/2 

l
s' **   J     J   ^o.ok.y') a*' dy' (AD 

0    0 

This presumes a unit amplitude expansion pulse over the patch whose dimensions 

are Ax and Ay. The symmetry of the kernel with respect to both x' and y' is 

employed in the forming of (Al).  This integral can be transformed to polar 

coordinates as 

h'** 

-l Ay        Ax tan     -r1-        T, r 
r Ax 2cos(j) 

(|)=0 p=0 

Ax 

exp[-sp/c] dp d(ji 

11,2 J^yi 

J-l Ay       J 
exp[-sp/c] dp dij) 

Ax 
Ax 

(Ji=tan " T^      p=0 

-1 Ay tan     T^- Ax 

/ [exp(-sAx sec <j)/2c) - 1]  dfy 

*=0 

Tr/2 

(^«tan 
Ax 

[exp(-sAy esc fy/lc) - 1]  d<fi (A2) 

If the exponential functions in the integrand are then expanded in McLauren 

series, the resulting terms of powers of secants and cosecants possess tabu- 

lated integrals. The result for three terms retained in the series is 
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^ B - T^-^ •  ^  m qy+ 1/2(0 Ax 

1/2 
_ i   Mx]" Ax^x" + Ay")        m sAy 1/2 

6     2c I OA..2 2c   1/2: ln q 

2Ay x 

1/2 
+ 1/2 [l^r ' Ax . 1/6    säiy ^y (Ax" + Ay' 

I 2c       Ay 2c I 2Ay2 
I (A3; 

where 1/2 
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APPENDIX B 

THE SPARSE MATRIX ALGORITHMS 

1.     Introduction 

This Appendix describes the algoritlunic approach to roinlmize the 

computation time involved  In Gaussian elimination triangularization of 

systems of matrix equations which are. "sparsely coupled."    The term 

"sparsely coupled" as applied  in this Appendix implies  the matrix equation 

form given in  (Bl). 

[M]   [X] 

M, 

M„ 

M. 

(Bl) 

It  is clear that  in this form the sole coupling between the "upper" and 

"lower" systems of equations is contained in the matrix M„.     Generally,   the 

number of columns in M„  is small  compared with the order of  the overall 

system. 

An algebraic approach to exploiting the sparceness of   (Bl)  results  in 

solutions which are given in terms of the several submatrices and their 

inverses.     (See,   for  example,  ref.   9.)    It  is well-known,  however,  that it  is 

sufficient for the purposes of determinant calculation and equation solution 

to  triangularize the composite matrix in  (Bl).    The  triangularization process 

involves fewer operations  than the diagonalizatlon necessary for the calcu- 

lation of an Inverse. 

9.     Dunaway,  0.  C,   "A Numerical  Solution for  the Distribution of Time- 
Harmonic Electromagnetic Fields in an Arbitrary Shaped Aperture in a 
Ground Screen," M.S.  Thesis,  University of Mississippi,   1974. 
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Figure Bl. Submatrix Organization for the Sparse Matrix Algorithms, a) 
the Original Matrix, and b) Triangularized Form with the 
Generated CMAT4 
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This Appendix describes an algorithmic exploitation of the sparseness of 

the composite matrix In (Bl). That Is, a numerical process Is given whereby 

only the non-zero subelements are stored and operated on, with the compu- 

tational operations being those which render the composite matrix M upper 

triangular. The determinant of the composite matrix results directly from 

this triangularization.  A solution for X in (Bl) requires a backsolving 

process Involving the triangularlzed form of M and a vector resulting from 

applying the elimination operations to the vector B .  Routines to perform 

these operations are given as well. 

Appendix C gives listings of the routines built on this algorithm. The 

triangularization routine is named SPRHOM. The backsolving procedure is 

performed by the entry HOMSLV to the routine SPRSLV.  (The name entry SPRSLV 

backsolves an inhomogeneous system and is not us:;d for present purposes.) 

\ 

2.     The Algorithm 

The routine SPRHOM is simply an implementation of  the Gaussian elim- 

ination procedure with maximum pivot selection applied to the composite 

matrix M in  (Bl) viewed as a whole.    The sparseness of M is exploited by 

storing only the non-zero submatrlces  in  (Bl) and skipping the operations 

involving  zero elements.     The result  is a substantial saving  in both storage 

and  computation time. 

The forms of the input and of  the end product for the triangularization 

are given  in Figure  (Bl)  with the sizes of  the respective submatrlces defined, 

It  is recalled that the fundamental process in the Gaussian elimination 

procedure  is  the elimination of all or  part of the elements of a column of 

a matrix with respect  to a pivot  element,   commonly the element  of greatest 

magnitude  in the column.     That  is,   for a column under process,   the row 
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containing the main diagonal element of the matrix which falls In that 

column.    All or part of the elements not on the main diagonal are "eliminated" 

or made zero by subtraction of some multiple of the row containing the col- 

umn maximum.     In the trlangularlzatlon procedure, the part of the column com- 

prising elements lying below the main diagonal after row exchange are    elim- 

inated.    If the matrix Is a part of a system of equations with non-zero right- 

hand side,   the row operations of exchange and subtraction of a constant 

multiple of another row must be performed on the corresponding elements of 

the right-hand side vector as well. 

The algorithm of the routine SPRHOM operates according to the Gaussian 

elimination procedure described above.     However,  the three submatrices CMAT1, 

CMAT2,  and CMAT3 are stored  Individually.     In addition,   the routine generates 

a submatrix CMAT4 in the course of  selecting pivots for  the columns contained 

in CMAT2.    Further,  the "elimination" of elements of submatrices that are 

zero a priori  is skipped.    The result  is significant storage and time economy. 

In order  to minimize logic decisions in the routine,   it  is organized  to 

operate sequentially through the partitioned matrix.    The steps are as follows 

(it  is convenient  to follow the thinking of  these steps by tracing  the loca- 

tion diagonal  of  the composite with the aid of Table Bl) : 

a. Perform conventional Gaussian elimination to zero the elements 

CMAT1(I,J)  for I > J,  i.e.,  the elements below the main diag- 

onal of M.    Choose maximum pivot elements in conventional 

fashion.     Carry row operations into CMAT3. 

b. Create CMAT4 by row swapping with CMAT2 so as to choose 

maximum pivot elements. Perform elimination to zero CMAT4 

elements for I > J and the entire column of CMA.T2. The 

number of rows created in CMAT2 is NI4 = Nil - NJl, the 

amount by which CMAT1 is over-square. Carry row opera- 

tions  across into CMAT3. 
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c. Choose maximum pivot rows In columns of CMAT2 with 

J > NI4 and swap with rows given by I ■ J - NI4 

(the rows containing the Jth column diagonal element of 

the composite).    Conduct elimination to zero elements 

with I > J + NI4.    Carry row operations Into CMAT3. 

d. Conduct conventional pivot selection and elimination 

on CMAT3 to zero elements CMAT3(I,   J)  with 

I > J + NJ1 + NJ2. 

In each column elimination operation, the pivot value is multiplied into a 

product accumulator to produce a value for the determinant of the composite 

matrix.  The sign of this product is changed at each row swap in accord with 

the rates of matrix algebra row operations. 

The backsolving routine SPRSLV with its entry HOMSLV operate in a 

straightforward manner on the submatrices as reduced by SPRHOM. 

Details are omitted here, but the routines may be easily followed in a row- 

by-row flow from the bottom of the composite matrix, if one keeps in mind 

the row index relations of column 4 of Table Bl. The entry HOMSLV assumes a 

zero determinant value resulted (approximately) from SPRHOM and the last 

element of the solution vector is picked as unity.  (The 7-ero determinant 

results from a zero falling at the last diagonal location in maximum pivoting 

Gaussian elimination.) The remainder of the homogeneous solution vector is 

backsolved conventionally relative to this last element. The vector is then 

renormalized so that its maximum element is unity. 
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Table el 

PRIMARY INDEXING QUANTITIES IN THE ALGORITHM 

Submatrlx Size of 
Submatrlx 

Indices of Main 
Dlag. of Compos. 

Relative Row Index 
of CMAT3 and CRHS 

CMAT1 Nil x NI2 (J,J) 13 - 1 

CMATA Nil - NJl x NJ2 
(can be null) 

(J.J) 13 =■ I + NJl 

CMAT2 NI2 x NJ2 (J - (Nil - NJl), J) 13 - I + Nil 

CMAT3 Nil + NI2 x 
Nil + NI2 - 
NJl - NJ2 

(J + NJl + NJ2, J) 13 - 13 

1. Quantities given In terms of Input parms. to the routine. Related 
Internal quantities are given In Figure Bl. 

2. Relative to I, the row Index of the submatrlx in question. 
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APPEhlDIX C 

PROGRAM LISTINGS 

All code complleable on 13M OS/360 and OS/370 FORTRAN levels G or H. 

The routine ZANLYT and its service routine UERTST is i:aken from the program 

library FORTUOI made available by the Computer Services Office, University of 

Illinois at Urbana-Champaign, Urbana, Illinois 61801. The routines BSUZ 

and BSCJZ are taken from the International Mathematical and Statistical 

Library (IMSL). They may not be reproduced apart from this application 

program package.  The IMSL library is available by subscription from IMSL, 

Inc., 6100 Hillcroft, Suite 510, Houston, Texas 77036. 
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POLF   <:P4«»CH   OPPGRA^  POP  S   F 
BY   L   W   PP^PSTN   8/7A 

M  FrCMULATTfiH   OF  TH!^-PLATF   SCATTFI'EI' 

100 
1 

105 

C 
c 
r 
r 

r 
r 
C 

r 
r 
r 

HO 

110 

120 

IMPLICTT   RFAL*fl(A.P.P-H.r-n.rpMPLFX*]6(r) 
C9MMTN   /GF"3M/   XSVU.VSYWfW.MX.MY.IPPFA?« ]") »JPPgAS (10» ,NP«PIf NPBFJ 
INTFCFP   MFS(*»2)/ »SVMM», »Ft« t • , ^ • » '    '» '«NTf «, »SYVM«, •E"?? I •, »T •/ 
HAfA   C/(3.008,0.HO)/.oi.llS/'fV,PI/?.141592653589791/ 
DATA   MX/'X'/,HY/'Y1/ 
exTBMAL rPL*TF 
OJMFMSTRN   :x(2n),TNFFP(?0) 
IHGTCAL   LAJTO 
RFAD(5»1 ♦FM0«999)    X «YM, Y<;YMt NX , f.'Y, wn, WS ,WM , rsUM^P , I.AUTC 
FTBMAT( •»Ai^x.ZT^.SFin.A.Tfln.L1 ) 
I^X-l 
T^Y«l 
'F(XSYM.^F.PL'JS)    I«X = ? 
TF( Y^YM.Nc.PLU«)    IMY=? 
^W«(WM-WP)/WS 
TF(KM.GT.0)   «P  TO   in*; 
NW=-NM 
W5=-WS 
!P(WS*NW.LT.WM-Wr')   MW«NW*1 
D? 20^ rw=i ,WW 
WrWftC TW-1. )*WS 
IF( .KJ"T.LAJTn)   r,n   ^n   i^o 

S'fTp   PAST   AUTO   Zr,NIMt; 

P^LCMNF   TT   DFTCPMTNC 

5IZF   ^F   PLATF 
Nn  OP  FXP'NFI^N   PULSES   (^ «^D   ON  C I.FC ■roi <" AL 

Trs'wva.iSBSPio/DAqstoTMAcc-suNjrp)) 

utnnnnn t 

NPPWVL=6 

////////////// 

FLFWXal/TPSTWV 
NXsIOTNTJPLFMX+MPOWVL ) 
TF{DFl.OAT(NXJ .LT.FLF^X*NPPWVL)   MX = NX*-1 
PLPMY=W/TESTWV 
VY»ir>INT(FLFMY«NPPWVL I 
tF(OPLnATm» .LT.PLFNY*NPPWVL)   NY«NV + 1 
NX=MINn(NX,5) 
iv|Y = WTN0(NY,5» 

BFGIM   SFTUP   FPo   ÄLTPPN«TF   EDGE   PATCH   oo r'S S f TA'MPK 

NPPFI=fNX+?)/3 
•JPRFJ=(NY*2)/? 
IP(NX-2*NP,»FI*2.Lc.l.AMn.MPOCT.GT.l J 
Ic(MY-2*NP?FJ«-2.LE.l.»NP.MP9FJ.r,T.l ) 
01   110   I»1,MPPFI 
TPPEÄSCMPRFI*l-l)=MX-3*T*3 
"3NTINUF 
00   120   J»1,MPPFJ 
JPRFAS(NPRFJ*l-J)=MY-?*J*3 
nNTTMUE 

LnrA 
T   T« 

rjpPFT=',jp3Ei-i 
IMPPFJ=NPCFJ-1 

TfK'S   WHFOF   X-nifFCTFO  rUPPPM 
«PT   TO   ZFPr.   GIVP»'  nY   SURSr''I 

00010 
O0020 
"0130 
00040 
00050 

000 70 
00080 
00090 
ooioo 
001 1 0 
00120 
■101 311 

OPT 5C 
0016D 
001 7P 
00180 
00190 
00? 00 
no? io 
00?20 

00 2 40 
002 50 
10260 
'^0?7C, 

00280 
00290 
00300 
00310 
003 ?0 
00330 
00340 
003 5C 
00^60 
00370 
''03 8P 
00^90 
00403 
0',410 
OO420 
00430 
00440 
0O450 
00460 
004 70 
00480 
00490 
00500 
00510 
"•0520 
0053P 
005 40 
00550 
00560 
^ns 7" 

00580 
00 5 9': 
00600 
00610 
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PrS    tivX,JPREAS) 
(IPFEA.S,MY» 

*Nn   Y-rPFCTFD   RY 

WPITE(6,2I w,rc()Nnp 
2 cD*MaT(«lF^TEp   ITECATTnN»f/,«nSHaPP   BA-IP   r,,F5.3,')Xt 

l'STARTTNr,  FUFO   ■•,2012.41 
W0TTF(6t3l 

3 FTPMftT( lot.lOXf ""UP   SYMMFTPyt.öXr'PUlSFS» , SXf'PPF'SST^  L' 
M0ITP(6,4)   HX,fMgSHtI««X),T»l.*l,NX.(l IPBEÄSt J» ♦ J«l iNPPEI) 

4 pnpM«T(t    •tAl(•-OIP,,9Xf4A4(T6,5X,10^3) 
rf'»»TF(6,4)   HY,(MPS(I,IMY)|T»1. »4),NY,< JPOF^SC J) f J = ! ."JPFf J» 
WPITF(6,5) 

5 Fr!PM«',( io»,llXt»Cn^PLFX   FPFr?« ,1 7X , • 0PTFPMIN4NT • ) 
CX(1 jsrtnjN^P 
C*LL   ZAMLYT(CPL«TE.1.n-5Of4t^,l,l,rx,l',0f INFEF, I^P ) 
W9TTC(6,6)   -x(1 » 

6 Frip*AT(«ORFTjpN   FPTM   T'EBATTHNi,/, «oprLf   LCC • • N • , 2E 12.4» 
CHI   "OOF 
csuNDP»rx(i) 

200     CHNTTNUE 
sa Ta TOO 

999     STT» 
ENO 

r•»NS« ) 

^06 20 
00<S3P 
006*0 
006^0 
00660 
00670 
006 80 
00690 
0070r 
00710 
00/20 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
Or-S^O 
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SljBpnjTTNE tODK 
fMPLtriT RP«i.*fl(Afn,n-H,r-Z),rnMPi cx*i6(f» 

i»iPTrHS,NOiMi,NoiMri,NniMCj,M',or 
;nMMnM   /GE^M/   XSYM,Y^YM,W,NX,Ny,IPRF«S5?9)fJPPF^S(10),NPPEI,NPRFJ 
OT^FMSTON   fPRXtS.SI.rPPYfSt1?) 
DIMfMfON  CJ(50» 
MPB»-.NPPE!*MPPFJ 
MPPEI^NPBEI-l 
NPREJM-NPREJ-l 
:»Ll   HO^SLVCrMA^X.NPTCHSiNPTrM^-NPREJtMTIMl,NDIMl, 

460 
♦70 

500 

1 rMATYtNPT:H<5,MPT',H3-NPPEI »WDI Ml, NDIM1, 
2 -HnM.Nni^T.N^TMrj.rMAT-v.NriMCJiNDiMi.cj.NORO) 

SXM1.NX-1 
NYMl»NY-l 
NSUP^»0 
01   470   JS»1,NY 
0^  450   ISMtNXMl 
J-IJS-l»«NX*IS 
^PPXdS.JSI-rjf J-NSURS) 
JM.J-NSUBS 

450     ^nwTIMUF 
J»JS*NX 
fF( je.NE.JPPE«S('MSU«S*\n   GO  T!   460 
N«:UPS«MTNa(MSIIRS*T .NPRKJM) 
CPRX(SX,JS»»(0o,0.» 
GO  TO *T0 
CPBXIMX.JS) «r J( J-NSU^S) 
CDVTTNUF 
00  500   TS»ltNX 
03   500   JWfNYMI 
J«(JS-1I*MX+TS 
rPPY(I«!,JSI»rj<NPTrH5:-MPPFJ*J) 
',?^TIVIJE 
V«: >PS«0 
On   53«   TS=ltMX 
J»NYM1*MX*TS 
IF(TS.MF.lPRFaS(NSUBS*-l))   GO   Tn   510 
:PRY(TSfNY)»(0.,0.) 
MSHPS^INOCNSUBSMtWPPFTM) 
GP  Tri   510 

510     r,PHYCTSfNY)«r J(NPTCHS-VPPEJ*J-N'SIJ«:; 
530     nMTTVDF 

MR!TF(6,16) 
16 F^MATJ •0»****N/«,',UP«L   MrDc*****«f/, •OX-niRFCTEn   CMFPFNT« ) 

0?   540   T«1,SX 
WPITF(6,17)   ICPRXHt JltJ"ltNVI 

17 F1»MAT( «O'^t 2Dl2.4t2X)) 
540     C^MTTMUF 

MP!"rE(6,19» 
18 FTRMAK lOY-DIRFrTEO  '•uaspM'«) 

D-1   S50   !»ltNX 
WRTT(:(6,17)    <rPPY(I,J»tJ«1 ,NY) 

550    SONTTNUB 
MPITF(6f19| 

19 F3PM«T( lOHOM^GFNFruS   FXPftN^TTM  rnFF«^1) 
KRTTe(6t 17)   frj(2*NPTCH<-fJP'»c4-I J,T«l,NPPF) 
PFnCN 
FMO 

00R5C 
00860 
0087C 
0088C 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
009 63 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01103 
OHIO 
01120 
01133 
0114C 
01150 
01163 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
01240 
01250 
01260 
01270 
012 80 
01290 
01303 
01310 
01320 
0133C 
01340 
01350 
31360 
01370 
01383 
013 9" 
01400 
omo 
01420 
01430 
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COMPLEX   FUNCTION   C^L »TF«16 (rstlNO" I 
l^'FOMTNANT   IEV*llJftTI,'W  PPUTTM»   pnp   HftLl FN-^YPF   4UGMFN',F0 MOMFN"" 
^ATFTx   cpe   THF  THT'4   PI OT   Sr^TfFPEP 
FDP   *   F   M  ADPLI'"'T TPMC 
«ÜY  I    W  «>FA9SnN   8/74 

lMPLirTT   rC,MPLFX*16(',),eFflL*8(A,PfD-Hf r-Z) 
THMMIN   /SF^«/   XSYM.Y^YM.W.NX.NY.IPPPASdD) ,JPFFA<; (1 0 ), NPPEI.MPQFJ 
rrMM->v   /MAT/   fMATXf 25t25),rM4TY(?5f 2S),rHCM( 50tl0) tCMATM 10i25) i 

INPTfMC.MOIMl,NDIMCT.MntMrj.MnPP 
'F4L*8   DP^rMnTM^T.OPnF^COJtOIMBFfCPPIfnuM] (201 ,PMM2 (?0 ) FDI'M3(20 

oiMCNSfOM riw'FPdc.ioj.rTKTxfzsj.ru'TYCpsj.rfrsTMc io),rsiK'TM(io) 
TMTFTFO   MF^(4,2)/'SYMV|«, •cT'T », T •, '    • f'^NTI • f ' SVMM« ,t gT«! • , «C/ 
r1«TA   r/( 3.006,0.00)/, PL US/'♦•/,?!/3.141 59265 358^793/ 

MOIwrTsSO 
NOTM^JslO 
M0TM=5O 

pnoMijL»TION   SFTijp   CPUT|MP<; 

TMX = l 
m=i 
IF(X5YM.NF.PLI)S>    TMX=? 
IC(Y<;YM,MF,!>LU« )    TMY=? 

IM(x/Y)=2   tNDIC#TES  «NTISYMMpTPIC 
DiST? rp x-oippr-^Fo ruPFeNT WOT X 

/Y   «XJ^ 
^JOTr^c-iMx»^!Y 

NXM1.NX-1 
►IYM1 =MY-! 
6P»;F»C«O..5 

eOr,?=FDr,FA'"*EOGP.«'- 

0X=1./( FLOAT (2*.«ix-2)4-2*Fnr.F(*r) 
,lY=W/(FL0»T(2*^Y-2)*2*Fn'-,F«r) 
MXT?=MX#2 

NYT?=MY*2 
'•S = ^SI)NO,'/?/- 

TM,'DT<;=13 
0XT^T=0X/12 
OYIWT=OY/12 

M<:YMX = -(-l )**TMX 
D)SYMY>-(»l)**IMY 

MCMTTs^YMV 
MS^TTIsNSYMX^N^YMY 
MSMIVs^SYMx 

NTNDX=2 

N«rrc=i 
IF( XSYM.cfJ.Pl (K)    NSCP*«' 

TfT Mr OF  CUPPFNT  PMCHES 

pcOPreriONAL   WTDTH   OF   EOGE   PULSE« 

rOFfJEP   FAT TOP 

MTöI»^!. TZFO   L'PLAfp   VAPIA^LE 

Nü^ER    'NTFG   P^FM? 

SIGIVFD   SYMMETRY   INOTfATnoc 

SIGNS   CF   KE0MEL   Fno   FA  OU*D'S  CON 
TP IPU,r TPM 

NINDX   =   1    I^DTCATPS   FVEN-FVFN   "F 
oon-ron SYMMFTOY FCP X-DIP TUPP 

01*4" 
01450 
01460 
^1470 
01480 
01490 
01 5 OP 
01510 
01520 
01530 
01540 
rjl 5 50 
01560 
01570 
01580 
01590 
01600 
"1610 
01620 
01630 
01640 
01650 
01660 
0167'"' 
016SJ0 
01690 
01700 
0171C 
0172P 
01730 
01740 
01750 
01T60 
01770 
01780 
01790 
01800 
0J810 
018 20 
01830 
01840 
01850 
01860 
0187P 
01880 
PI 390 
01900 
01910 
01920 
01930 
01940 
01950 
01960 
01970 
01980 
01990 
02000 
02010 
02020 
0 2^30 
02040 

m 
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MSfrs   »   2   INOIfiTES   FVFN   SYMM   WBT 
v FCO x oi«? njRR  (i f ro$iNi FXPA 
NSTHN   ^F   H^MrENFPDS   <nL»M) 

NPRF»MPRET*NPBFJ 
TOT  Nip   rp   Pf<E»SSTr,NFn rupo  VALH? 

NPPFJM«MPRFJ-l 
MP9FIM-NPOFI-1 
\»pi»FP\»MPnP*l 
CNO   np   TNPUT/SPEriFir«TIPM   QHUT|NE? 

BPIJTINF  TT   FILL   TMTFB*',T IHN   MftTRTX   FPPW   WHITH   MDWPNT   M^T^TX   IS 
rONFTPlJC'FO 

OT^r,.nso,^T(nx•^x♦•nY♦ov» 
ALNXTM-Z + OLORMOIÄn+DYj/OX > 
aLMYTM«2*OL?r, (( DI Ar,+nx) /OY) 
nY9nx»nY/ox 
nx«DY=OX/OY 
^sox-rs^Dx 
r:OY«rS*OY 
:«,Dx2«rsox»c^ox 
csDx?=csox*rsox? 
C50X^»'"SDX2*rSDX2 
,:SDY2»CSr»Y»CSOY 
:SDY?«rS0Y*rSDY2 
CSDY^«CSDV2*rcpY2 

CPMPPNFNT   TfCM«;    FPO   SFI F-P/>TrH  SE 
«IPS 

CXTFOM.-0.5n^*CSOX*«LMXTM+'',5n'?*CSDX2*DYPPX-C<DX3*COXPPY*DJAG/(12* 
10YJ*        «LNX"»'M/24)*r SnX4*r»vmx*(T*!?YBPX*0YP0X/?)/2<» 
CYTF^M=-0.500*r«:0Y**LMYT««*O.5nr*,"?DY2*PXBOY-C?OY3*(r)Y'>DX*0Ur,/J12* 

IDX»*        M.NYTM/24) ♦r«:nY4*OXnnv*(l*nxn0Y*PXP0Y/3)/24 
'•ALC   U'niV  SEPIF";   cnc   ?FLF-IN'TFP 

r;TNTF''(i,i)«-2/rs*crxTF''M*'"YTF3v) 
rOMPUTF  SFLF-IM'-FoaCT IrN 

m  220  IS-l,2 
XS«(FLPAT(I«)-1.5 0^I*nx 
0"«   2")  JS»l,2 

200 

210 

IF(I««J5.P0.l )   GD  TO  pz"1 

YS=(FLn«T(JS)-1.500)*nY 
OH   210   T TNTxi, TNTPTJ; 

XO = FLn»T(TiNT-l )»DXT\'T 

X2TM2=Xf;*XP 
X2™2»X?TM2»X2TM? 
0'   200   JTNT=1.f TMTPTS 
YPaF4.n«T(JIMT-1 j + OYT'-'T 

Y?TM = YS*-YP 
''»D«OPT(X2TM2-»-Y2TM*Y?TMJ 
•TMTY( JTNT) x:OFXP(-?*r<;«C) /P 

Linp   jn   r4LC   «DJ/'rEMT   p/JTfH   TN^EP 

NUV-FP   TNT   WBT   x   irnp 

WFP   TNT   ^PT   Y   imv 

EVAL    irTcr,CAN,) 
^nNTT^MIF 
•;*LL   OWFOOL(:iNTY,TNTPTStnYIM'r,riMTX(nN'T)) 

HT   we?   Y   TP   YIELD   X   U'Tpr.DfMn 
".PNTINUP 
".»LL   OWFDOL(,"tNTX,!N'rPT<;fnx'NT,riMTfP(TS, JSI » 

IMT   WPT   X 
^IM^TMUF 
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0205^ 
02060 
02070 
?2',80 
02090 
o?ion 
0211^ 
02120 
02130 
02140 
02150 
02160 
021 7? 
027 80 
02190 
'122',', 

Ü?'10 
02220 
02230 
02240 
G2250 
02260 
02270 
^22 8r 

02290 
02?0D 
■,23n 
02''20 
02330 
^234" 

02360 
02370 
02 3 30 
02 390 
OJ'VOO 
02*10 
0242C 
02*?C 
02*40 
02*50 
02*6'> 
02*70 
•'»2460 
02*9r 
12500 
0251C 
^2520 
0253^ 
02540 
02550 
0256,, 

02570 
02580 
02590 
02601 
02610 
'•»2620 
026 30 
''2640 
02650 
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r 

c 
p 

p 
r 

C 
c 
r 

C 

r 

r 

c 

c 
r 

C 

r 

r 
r 
P 

C 
r 
P 
P 
c 

0"   ?50   TCI.MX'J 

x2TM?«nFLnAT( rj;-i »»nx 
X?TM?»X?™?* X2TM? 
O"   250   J«;«l,NYT2 

LOOP«    fPP   p FMC irTCB    TF   :NTFRArTTl 
M  mC'F^   RY   rMF-0T   "prr^Mc   pÜLp 

TP(I54-J?.LT.^.nR.TS.F^.2.AVO..JS,F'5<2)   RC   TP   250 
Y2TM=FLnAT( j«;-^ )«nY 

^sDSO«T( X2TM2TY?"rM«Y'TV) 
CINTFPdSf J?)='"0FXP(-2*C«;*I: )/o*DX*DY 
CNTTVUS 
FMO  TF   LOHP   TP   FILL    TM"rcP*^TIP^   M4TPTX 

Hcr,TV  rr,^STPUrTTrN  "F   MPMFMT   MATPIX 

D1   351   TM=! ,MX 
01   ^50   JMal.NY 

t»( JM-1 mxM^ 

Dn   330   JS'lfNYWl 

jni«TABsrj^-JS)*i 

J02»JM*JS 

TMDPX'NG  PF   M«TCH-oniMTS QVFP   ENT 

"NF-TTK   M?TfM-PT   TMOFx   GF^'ED 
PPL'WTCF   ALPNO   X-^PFCM^N 

TNTFX   TVFF   SPil^CF   o/VTPHFS   Y-Dic 

1ST   «►T   2ND   OL^n   J    'niFFERFMrF 
IMPFX« 

?pn   f,   4TM   QUAD  J    'OIFFF^FNrF 
TMOFX» 
NI^TP   'H/.T    'DIFFF^FN'F    iNDIfFS«    »0 
F   =   'TNiPFX   DIFFrrjFNPF»   ♦!   FGr'   T>-F 
SflKF   PF   PnpTPIN   T'lOPXIMG 

INOFX   nVFF   Sr-UOfF   "ATHFS   X-DIF 

IST ,- 4TH ouAf) • i ;FF ' DFX' 

310 

OP 311 ic=i ,NXMl 

Toi«TftBsns-tM»n 

TO?=-I«;<-'M 

J=(J<;-l)*NXf!«: 
nVF-PIM    $r-|jorP-PT    TMOFX 

PisfTNTFRdoi ,JD1 »♦NSMTTT*rTM"rFP(ID2f jn2f 
51 IM   PF   cniicrp   CPN'T   Fcpw   01   r,   OT!I 

rF'NS^IT+rTMTEP (T 0', jn' )*WSMTV«CTMTEP(!D1! , J02) 
«u^ CF CPUTP znvr per*' on t otv 

^M/i-xd, J-MSljnS)=rn<-rF 
SUBMIT   FNTRY   FTP    X-OTp   CijFP'S 

CM^Yd, J)=ro-'"F 
SnoM/iT   FMTcy   FPP   Y-C10   ClJPP'S 
•JOTE   """HaT   FV/PN'   O» S   PfNT   MFH/TTVE 
FPP   Y-PIF    PUPP•? 

^TTMUP 

FMP   IF   SPIIPPF   LrnP   FO"   iMTppxrc   PA^CHF'- 

CnM«CTP(jrTtOM   PF   snuTF   TCPM^   CCTM   («^(X)«'    EDGF   FPLLPWS 

Tni = T^S(NX-tM) + 1 
in2=NX*IM 
J=J<»NX 

19 

12t. t>0 
02670 
0768P 
02690 
02700 
omo 
1272P 
027iO 
0274P 
12751 
07760 
02770 
12780 
02790 
02S0D 
02810 
02820 
1233P 
02R40 
O2850 
02 860 
02870 
12880 
02 3 90 
02900 
02910 
02920 
02930 
02 940 
02050 
02l160 
029 'P 
02930 
02090 

O^OIQ 
03020 
0 ^ '?P 
'; ? J <*' 
03 "'Si 

i'O 7P 

0 30 9P 
n3inp 

0311" 
0-«l20 
03130 
13^0 
03150 
03160 
03170 
03180 
1319" 
03200 
03210 
"3220 
03230 
03?^C 
032 5" 
03260 
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r 

r 

c 
r 
r 
r 

r 
C 
r 
f 
c 

n.rTMTCP( TOI. t jn\ )*MeMnT*rTNTFF( IP?, JP2) 
SU*1  PF   «UUPTE   CnN"   FcnM   UI   E   Olli 

^r.N^MTT^^MTPOdO', JOi ) <■^ISMT v*r I ig^FP (T ni, JD?) 
SUM  rp   SrU''fP   nPMT   FROM   QH   f.   OIV 

r M«TV( i, j| ■ (?: P-CF ) • FOGP/ir 
S'JPMAT   FKTfV   FPP   Y-niP   '■UPP'S 
NJITC   THAT   FV-N   O'E   CHNT   NF^AT^VF 
FTP   Y-P'P   «"UPP'S 

Tc( JS.NF.jppF««;(v<;un«:fi n np tn 3?s 
N<:iJFc- M. Ncmsijps+I.NPPFJM) 

i< 5    c^«Tx(T, j-Msims )=■'''*F+rn *Fnr,F(C 
S'JRM^T  FMTpy  r-nD   X-0!P   CIJPP'S 

FiJO   P^UTIVF   Fnc   ARS(X)B«    ':nrtF   TFBWS 

•*o   r-'NTTM'jF 

FND   LPnP  nVFP   Y   rOOPD   F^P    JMTE? iro   pj'-fHFS 

PPGTNJ   POjTTvp   Ffp   fpvfTPirTT?V)   fF   ^PIlPfE   TEPM«;   FPO   «B5(Y)=R   FOCF 

JD1=T»RS(NY-JM)*1. 
JD2*MY*JM 
NSI)PSJ=N,:'JI"; 

c IMPFX nrwN x moPD'S  INTERi"» 
r P/iTHFS 

ni-TOSITS-I«)*! 

J = ( NY«H)*NX+TS 
r.^arTMTFRdOl.JPl |*MSMIIl*PTNTfF( ID2,JD2) 

: SUM cr S^UB^F crw   FROM 01 E OIII 

c SUM np fu'CF r:™'T FCP^ on  r. 01 v 
C^ATX( I, J-NSUP;iJ»=(rF + r^)*Fnr,F/'r 

C SIJPW^T   F-.Tpy  p^p   x-OIP   CUFP'S 
IF( T<?.NF,TDpFaSC^SU0?*1» »    r,"   ro   3315 
vjSUP^sMrNOtNSljnS+l.NPPFIM) 

33 5      -M»,rY(I,J-M^UF^) = ('"n-rF)»FO<~.FAf 
r SUPM'T   FNTPY   FPP   Y-PTP   »-IJPRI«: 

0 N~TF  THAT  FVFW  o«<;   TCMT   NEGATIVE 
r FTP   Y-PIP   rilER'S 

340      '•"'NTIMUF 

FNO   »"UTINF   FHP   ABSIY)»«   FPC7 

rnweypurTjoM   TF   rnRNco   «""JPCF  TEFM 

TnisTARSlNX-I«)*! 
Tr)2=^X*TM 
.J = NX*NY 
n=riMrcPi IPUJOl l*NSWT»T*rTVTFF(t n2iJDZ) 

fU"   PF  SnilPTF  Cr,NT   FPPM   01   C   OUT 
rF*N^Mn*-!M*FP(ID?,JP1)«-N'SMlV*fTNTEP(TPl,J0?) 

^IIM PF «nuPCF rprr  Fpr,M on  f. oiv 
IF( NJY.NF. IPPF/S(NPDFJ) >    i"Mf TX(1 , j-NPPFjM) = (rF+fP)#(:Dr.' 

SUPM''"r   FK'TRY  Fnp   x-n'P   CUPP'S 
IP|WX.NE.IPPE*SJNPPFT J)   '"•^'■Y( I,J-MPCFTV)= IfC-rFJ^FDG? 

r 
r 
r 
r 
r 

r 

p 

r 

032 70 
532 80 
032^0 
03300 
03310 
r)33,:0 
0333? 
03340 
03350 
03360 
03370 
03380 
03390 
03400 
O3410 
03420 
03430 
03440 
0345C 
03460 
0347P 
03480 
0349C 
03500 
0351P 
03520 
03530 
03540 
0'550 
03563 
03570 
0'58P 
"3590 
13600 
0361Ü 
036?r 
03630 
03640 
03650 
03660 
03670 
0368C 
03690 
03700 
03710 
03720 
03730 
03740 
03750 
03760 
03770 
03780 
03790 
03800 
03810 
03820 
0383C 
03840 
O3>150 
0386P 
03870 
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r 

r 

r Sn«vA'   n.iTf Y  FTP    Y-nt v   r;|c'Jic 
C VOTF "H*.T   ""v^^  !?•<   rr-T   •,er,/Tjv|- 
r FTR   Y-r"Tc   <"t)rp«<; 

I» 

PVjn   IF   Mnv(eMT   M»TOTX   Tf'Tcc *rTJrN1  CnvcT"Uf'ION 

«F'TN  PDirTNF   TP   FMTFP   HnwrnFfOFrus   «PL'^   EXPANSION   «""l 'S   TN  M'TPIX 

360     NPF«=?*NPPF 
H^nHPST   PHQEP   BF«;.S|::L   FLlNrTTnN   IN 
HPMrr,FMFn)S   cri'N1   EXPANSION 

IF(N!N0X.CQ.2»   MRF«=Mncc_i 
CTF   LFSS   IF   EVEN   IMOFX   EXPAMSICN 

n"> ^»DO IM=I,\IX 
X=(FLf,/»T(TM»-0.5n',)*nX 
r)->   400   JM=ltNY 
Y=(FLnA-'(.JM»-0.^DO)*nY 
I = ( JM-U*NX*IM 

PHT«"t»T*M(Y/X) 
RHnr^<;oPT(X*X«-Y«Y) 

no ^ F r,=?♦ ni M« G (c s) *» FT 

&cr,uwFM-r   OF   «FSSFI     FN" <; 
Teip*B';(nTM«pr,/ni'ft',G).i,r .1 .F-2^ ) RC tn 364 

TF   CF/l    «DO   SKIP   TO   PFAL   FES   CALL 
r/>Ll   BSrjZ(DP»Rr., DTMftpr,, 0,:'Rcc.n™RF<;,vPFS,O.PO, 16, IF'c.ru^ltO'JMZ.D 

1UM3«0UM4) 
GCT   T^PLF   rip   PESSFL   PlIKrTIONS 

r,n   TO   368 
'•».11    «SLüZC^PARGfO^"" ,Motrc,0.r P,16, IFPP,"UMlf DUM?) 
»"f Li    ZpP0Z( O'woF':, ,',*(^JD.'r<:^■, ) I 
f'LL   ZfPOZIOIMflF«;, 2#((gBf:s«-l H 

SFT   (ip   PURE   FfiL   "FS   FUNirTIrNS 
rrncfy(i)-n 
r5I»,'"M(U»1 

IMflFXUG   THPM   M*TrM_[jT<; 

PfL^F   CnCPO'S   ^F   MAT("H-PTS 

r 

364 

368 

r 

r 
ZFRo  tcr   Tgcy  rpFF     <_rfls

TRUCTirN 
VEfTPPC 

^'OEX   THCU   CflC   nF   rrpf   roM^Tp 
V^PT^P 

'•ALC   SFCTFS   IMDEX 

<;KTP rnc   OF  pnrw   TFO^   FPR   ZEF"1 

TNOFX   -   !T   W'S   SET   TP   ZER^   »RPVE 

370 

0^   37^   11=1 »MPPFPi 

TM^x=2*n-KlTN,nx 

TF(JMDX.FO.P)   GP   TO   370 

ABG = nFLr,A-,,( IMDX-1 )*PHI 
AP^,l)MF^T   op  <;lN FN 

PncSsorMPi_x(DPnP«( U'PXJtPT'^F^f IMDX)) 
rrncTw(TT) = nPPC(ARr, )«':PFS*4*PI 
*SINTM(tI| = pSTK:(^DG)*l*nc«;*4«px 

riL'"   fCEFF   CONSTB|,lCTTrN   TERMS 
» OMTr \i(jr 

0-"   ^RO   JJ = lf\|PPF,| 
Lrop   TP   CFPL/,rE   TPL«?   FPP   PPE*r<;i 
Gk!FO  J   TFPM5 

J»JPOP^S(JJ)*NX 
IVPFX PF CHL PFIMG PcPLfCFO 

»knX=?*JJ-N|TMPX 
51 

0^130 
13B0G 
o^qpp 
03913 
039 20 
039?n 
^304P 
03950 
0 3960 
n397r 

03980 
03990 
'»4000 
04310 
04023 
040 30 
04040 
04^50 
04060 
0^070 
04P80 
04090 
reviOO 
^41 K 
041 20 
04133 
04140 
04150 
0416r 
34170 
041 sr 
141 9^ 
04 2 CO 
04210 
m??o 
04730 
0'»243 
142 5P 
04260 
042 70 
04280 
04290 
04303 
04310 
04320 
04330 
04340 
04350 
"43 6? 
04370 
04380 

044O0 
04410 
04420 
0443C 
04441 
044 50 
04460 
3447" 
044BC 
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S?   ■»■■.   (371,37?),N<;T* 

C SELECT   pfrPF1?   SFPTE^   rr f    frrnpnT 
r NG T^  Y r>YMWf"''PY rn'jDiTi?rj 
C NSf'"<-=7   TNnK^TF«;   «-rcj^ps    IM   X 

371 rHOMd.J Jls-oi/C^+rs^ci.or, l,pr)*♦T^^DX*(^SINTM(JJ)-r<:T^TM( JJ+U ) 
'■-)-IM(NDT':HS + ! ,JJ)»-i>I/(?*r«)*n,D3,l,nn)**tNnx*(CrnS"rM(JJ J* 

ICr^STMtjj+DJ 

372 *H^M(TtJJ) = -^>!/(?♦^<:)*(^..no,^.^n)»♦(T^ox♦1)*(^^nST»'(JJ^■M- 
ir'--.cTM(jji) 
-HnM(T*.NPT'-H«; , jj, a-PT / (7 *(*«) ,(.(0.00,1 . DP ) ** ( T^ OX+1 ) *< r c INT M ( J J | ♦ 

380  Cr,NTINüF 
TH 390 IT«^ .►'PRFI 
Jr (MY-t »♦NX*TPPF«S(TT )i.VPTrwc 

" L->ro   TT   PfPLA'*?   r?L,c   F"1''   pcFA,?S! 
JJ=TT+NPRCJ 

r r;NFD  T  TFSMS 

TMOX = .?*( I!*NPPEJ»-N'!NDX 
ro   TT   ( 381,3a?»,i"Srn? 
rH?M( T, JJ |=-PT/(?*r«;)«('>.nn, l.üO)**Tf;n x*( : ST f'^^i T T^^OPFJ)- 

ir^TK^MCTI^MP'Jcj+i j) 
•"MTMf I*MPT:HS,JJ)=-P! /(?*'"?)*(0.nof I .PC)**INDX«(rr'-ST'M Ti+r.ippcj) + 

irrn«;TM( j l^PRFJ^l )) 
3n  T-;   390 
rH^wflf JJ)«-PT/(?*r5|»(c,no,l,00)**l I^nx+iiMrcnsTMC t T+f Pf<Fj*l )- 

]r'-ncrM( n*NlPqFJ)) 

rH->t*l !+MPTrHSfJJ)=-Pf/(?*'" r)«(o#DO,l.PO)»*( INOX + i )* 
1 (rSIM™( T»*MPOFJ)*r«TNTMC TT<-MPOF JM ) ) 

r,nMTlNUc 

"""•NTTNUF 

CMO   np   MCMEMT   MATRIX   mvcTc,,)-'-jr^ 

405     Cr^TIMlJE 
rtn   ?PRHOM(CM*TX »NPTrw«; ,^|^rrN<;-^'PPFJ,^^™I^,|^lT wi, 

1 :M«TYtNPT',MStNPT'*H«-NP?}F! , r m MI , r.C T vi f 

2 THn^.N^tMr jf ^^iMr j^rMAT^^ptMrj.r.njMi.rnFT) 
F0AT=rri8BS(rM4TX(l,1)) 

rPLftTCsCDFT/PRAT 
'•<PI,-C<6, 20» '•^iiNn^.rpi.ATF- 

20       pnpM4T(«    • ,5X»2F12.4,5X|2F12.4| 
RPTIUV) 
FMT 

381 

38? 

3<)0 
400 

0't^9? 

0451C 

0^530 

04570 
04580 
0459^ 
',46"C 
04610 
0462? 
"463''' 
04640 
04650 

04670 
04680 
'•46 90 
0470C 
04/1? 
047?0 
04730 
'54740 
04750 
'"«4763 

04780 
0479.0 
',480', 

04^10 
0482? 
',4t'3r 

048 40 
048 50 

043 7r' 
048 80 
04890 
04900 
04910 
049 20 
0 49 3,0 
04^40 

52 
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c 
c 
c 
c 

SUBROUTINE   SPPHOM (CHAT 1, NI I, NJ l.NOJHU ,NDIM1J,CMAT2,NI 2,NJ2,fsOIM2I 
l,NDrM2J,CMAT3,NDIf3I,NOIH3J,CMAT4   NÜlMiKNDIf'4J,C0ET» 
IMPLICIT  COMPLEX* U(C)tREAL*8( A.B»D-H»OZ) 

SUBROUTINE   TO  DIAGCNALIZE   ANC   CALC   DETERMINANT   OF   A   SPARCELY- 
COUPLEC  MATRIX 
BY   L W   PEARSON 7/74 
REVISED   5/75 

OIHENSICN   CMATl(NCIMlItNDmJ)(CMAT2(N0IM2IiN0IM2J)tCMAT3(NOlM3It 
lNDIM3J),CMAT4(NDIf4I,N0IM«J) 
NI3«NI1«NI2 
NJ3-NI3-NJ2-NJI 
CALL   ZER0Z(CHAT4«A4>N0IN4I*N0IM4J) 
CDET«! 

95 

C 
C 

NPR«3 
NJIM1»NJI-I 
NJ1L>NJI 
IF(NJ2*NJ3.GE.ll   GO   70   95 
NJIL-NJ1L-I 
NPR«l 
00   155  M«ltNJlL 

MPl«M*l 
FMAX«CDABS(CMATl(MfM)) 
K«M 
IF(MPl.GT.Nin  GO   TO   JLC5 
00   100   I=MPI,M1 

FCK«C0ABS(CMAT1(I>H)) 
IF(FCK.LE.FMAX)   GC   TO   100 
K=I 

FMAX-FCK 
c 
c 

100 CONTINUE 
105 CSTOR«CMATl(KtM) 

c 
CDET«CDET»CSTOR 

c 
IFJK.EQ.M»   GO TC   115 

c 
C0ET»-C0ET 

c 
107 00   110  J«M,NJ1 

no 

112 
115 

CSTC-CMAT1IK,J) 
CMAT1(K,J)«CMAT1(M,J) 
CMATUKtJ)«CSTC 
CONTINUE 
IF(NJ3.LT.l)   GO TO   115 
00   112   J'ltNJB 
CSTO»CNAT3(K,J) 
CMAT3(KfJ)»CMAT3(M,J) 
CMAT3(M,J»«CST0 
CONTINUE 
CONTINUE 
IFIMPl.GT.NIl»   GO   TO   155 

INITIALIZE  PRODUCT   ACCUMULATOR 

INDEX  ACROSS   COL 

LCCF   TC  SEARCH   FOR   PIVCT   IN   NTH 
COL 

IF   LARGER   ELEMENT   FOUND   MARK   ROW 

USE   NEW  LARGE   ELEMENT   AS   CCHPARI- 
SON   VALUE 

SAVE   VAL  OF  PIVOT   ELEMENT 

MULT   PIVOT   INTO  PROD   ACCUHULATOR 

IF   PIVOT  CN  DIAG  SKIP   ROW   EXCF 

CHANGE   SIGN   BECAUSE   OF   ROM   EXCH 

LOOP   TO  EXCH   DIAG   AND   PIVOT   ROWS 

5 3 

00010 
0C02O 
00030 
00040 
00050 
00060 
OC070 
00075 
00080 
ccoso 
00100 
00110 
00120 
00130 
0C140 
CC150 

COI60 

00170 
00180 
00190 
CC2 00 
00210 
00220 
00230 
00240 
00250 
0C26O 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
CC370 
C0380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
0C460 
00470 
00475 
co4eo 
00490 
CC5C0 
00510 
0C520 
00560 
00570 

■"-■; -J...,. ..-....—-^ J. .^-.^■■-. 
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C 

C 

ELIPIMTICN LUO-   FOR  CHAT 1 

ELIMINATION  FACTOR 

120 

12S 

130 
150 
155 

C 
C 
C 
C 

00 150   I>»tPltMl 

CFAC-C*ATin*M)/CST0R 

IF(MPl.GT.NJl)   GO  TO  125 
00  120   J-MPl.NJl 

LOOP  «CROSS  PCW   IN  CM«T3 
CMATKI, J)-CMATl(I,J)-CMATUf«f J)*CFAC 
CONTINUE 
IFINJ3.LT.1)   GO TC  150 
00   130  J-1«NJ3 

LOCP   ACROSS ROW   IN CMAT3 
CMAT3(ItJ)«CMAT3(ItJ)-CMAT3lP,J)*CFAC 
CONTINUE 
CONTINtE 
CONTINUE 
KI4-NI1-M1 
IFINIt.LE.OI   GC TC 290 

BEGIN   ROUTINE  TO  CREATE/'DIAGONALIZE•   CMAT4 

C 
C 

NPIV«NI4 
IF(NI4.GT.NJ2)   NPIV»NJ2 
00 250   M1,NPIV 

MP1-H4-1 
FMAX-C CABS(CMAT2(I,M)» 
K>1 
IF(NI2.LT.2»   GO TO 205 
00 200   I«2fNI2 

FCK«C0ABS(CMAT2n,MI 
IFCFCK.LE.FNAX)  GC TC  200 
K«I 

INDEX   ACROSS   COL   FCP   CMAT4   CIA6 

FNAX«FCK 
c 
c 

200 CONTINUE 
205 CSTQR>CMAT2(KtM) 

c 

C 
CDET-CCET*CSTOR 

COET—COET 
C 
C 

DO   210  J«M«NJ2 
C 
C 

CST0«CNAT4(MtJl 
CMAT*(MtJ)*CMAT2(K,J) 
CHAT2(K,J»-CSTC 

210 CONTINUE 
K3-K+NI1 
M3-NJ1+M 
IF(NJ3.LT.l)   GO TO 213 
00  212   J"l,NJ3 
CST0«CMAT3(K3,J» 
CMAT3(K3fJJ«CHAT3(M3,JJ 

LOCP TC   SEARCF  FOR  PIVOT   IN  MTH 
COL 

IF LAPGER   ELEMENT   FOUND NARK  ROW 

USE  NEW  LARGE ELEMENT AS COMPARI- 
SON  VALUE 

SAVE  VAL  CF  PIVOT   ELEMENT 

MULT  PIVOT   INTO  PROD  ACCUM 

CHANGE   SIGN OF DETERM  BECAUSE  OF 
EXCHANGE   FROM  CMAT2 TO CMAT4 

LOOP  TO  EXCHANGE  DIAG AND   PIVCT R 
ROWS 

54 

00580 
00590 
OC6C0 
00610 
00620 
00630 
00640 
00650 
00660 
00665 
00670 
00680 
00690 
OO7C0 
00720 
00730 
00740 
00750 
OO760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
CC930 
00940 
00950 
00960 
00970 
00980 
C0990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
OHIO 
01120 
01130 
01140 
01145 
01150 
01160 
01170 
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212 
213 
235 

C 
c 

240 

242 

245 
250 

290 

C 
C 
C 

C 
C 
c 
c 
c 

295 

CMAT3IM3,J»-CSTC 
CONTINUE 
IF(M2.LT.l)   GC TC  290 
DO   250  I«ltNI2 

LOOP  TO  CARRY  ELIMINATION   INTO 
CMAT2 

I3«NI1*I 
CFAC-CMAT2CItMI/CST0R 
IFIMPl.GT.NJ2l   GC   TC  242 
00   240   J«MPltNJ2 

LOCP   ACROSS  RON  OF   CMAT2 
CMAT2( It J)-CMAT2(If J)-CMAT4(»'.J) >CFAC 
CONTINUE 
IF(NJ3.LT.1I   GO  TO   2S0 
DO  245   J«1»NJ3 

LOOP ACRCSS RCW OF CMAT3 
CMAT3J I3,J)-CMAT3( 13, J )-CMAT3( M3t J)*CFAC 
CONTINUE 
CONTINUE 

END ROUTINE TC 'CIACONALIZE' CMAT4 

IF(NI4.GE.NJ2) GO TO 390 
IF   CIAGCNAL   DOES  NOT  PASS   THRU 
SKIP   CIAGONALIZATICN   FOR   CHAT2 

BEGIN   ROUTINE TO   •CIAGONALIZE'   CMAT2 

NI4P1=NI^*1 
NJ2L>NJ2 
IF<NJ3.GE.1I   GC   TC  295 
NJ2L-NJ2L-1 
NPR*2 
DO   350  M-NI4P1.M2L 
MI«M-NI4 
M3«MI4-M1 
MP1=M*1 
HIP1-MM1 
FMAX«C0AeSfCMAT2(MtK)) 
K-MI 
IF(MIP1.GT.NI2)   GO  TO   305 
DO   300   I>MIP1,NI2 

C 
C 

c 
C 
300 
305 

FCK=CDABS(CMAT2(I,m 
IF(FCK.LE.FMAX)   GO  TO   300 
K»I 

FMAX-FCK 

CONTINUE 
CST0R»CMAT2IK,>') 

K3*K*NI1 
CDET.COET*CSTOR 

IF(K.EQ.MI)   GO  TC   315 

CDET«-CDET 

55 

LOCP  TO   SEARCH  FOR   PIVCT   IN   MTH 
COL 

IF   LARGER   ELEMENT   FOUND   MARK   ROW 

USE   NEW  LARGE   ELEMENT   AS   COMPARI- 
SON   VALUE 

SAVE   VAL   CF   PIVOT   ELEMENT 

MULT  PIVOT  INTO PRCO  ACCUMULATOR 

IF   PIVOT   ON  DIAG   SKIP   POW   EXCH 

CHANGE   SIGN   BECAUSE  OF   ROW   EXCH 

01160 
01190 
01225 
01230 
01240 
012S0 
01260 
C1270 
01280 
01290 
01300 
01310 
01320 
01325 
C1330 
01340 
01350 
01360 
01380 
01390 
C1400 
01410 
01420 
C1430 
01440 
01450 
C1460 
01470 
01480 
01482 
01484 
01486 
01488 
01492 
C1500 
01510 
01515 
01520 
01530 
01540 
C1550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
O17S0 
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310 

LOOP  FOR   EXCH   IN CMAT3 

312 
315 

ELimATIC^  LCOP 

330 
335 

345 
350 

C 
C 
C 

390 

DO  310   J>M, NJ2 
CST0-CMAT2(K»J) 
CMAT2IK,J)-CMAT2IMItJ) 
CMATZlMltJMCSTO 
CONTINUE 
IF(NJ3.LT.l)   GO  TC   315 
00   312  J-lfNJ3 

CSTO-CMT3(K3tJ) 
CMAT3lK3tJ*«CHAT3(»'3tJ) 
CMAT3IM3,J)-CSTa 
CONTINUE 
CONTINUE 
IF(HIP1.GT.NI2)   GC  TO  390 
DO  350   I-MIP1,M2 

I3-UNI1 
CFAC»CMAT2(I,M)/C STOP 
IFIMP1.GT.NJ2I   GO  TO  335 
DO  330   J-HPltM2 

LCCF   ACPOSS   ROW  OF  CMAT2 
CMAT2I It J)-CMAT2(If JI-CMAT2(MI,J>*CFAC 
CONTINUE 
IF(NJ3.LT.1)   GO   TC   350 
DO  345  J«ltNJ3 

LOOP   ACROSS   ROM   IN  CNAT3 
CMAT3( I3fJJ-CMAT3I13,J)-CMAT31 M3,J»*CFAC 
CONTINUE 
CONTINUE 

BEGIN   ROUTINE  TO   • CIAGCNALIZE«   CMAT3 

NJ3M1«NJ3-1 
IFINJ3H1.LT.1 I   GC  TC 455 
00   450   H«ltNJ3Pl 

INDEX   ACROSS   COL 
MPl«M*l 
MI-M4-NJUNJ2 
MIP1-WI*! 
FMAX«C0ABSfCHAT3(PItP')) 
K-NI 
IFIMIP1.GT.NI3)   GC   TO 405 
DO  400   I«MIPlfM3 

C 
c 

FCK«C0ABSICMAT3(I,m 
1 IF(FCK.LE.hMAX)   CO   TO 400 

K»I 
c 

FMAX-FCK 
c 
c 
400 CONTINUE 
405 CSTCR«CMAT3IK,f1 

C 
CDET«CDET*CSTOP 

C 
IFCK.EC.fl)   GC  TO  415 

C 
C0£T»-CDET 

C 

LOCP  TC   SEARCH  FOR   PIVCT   IN   MTh 
COL 

IF   LARGER   ELEMENT   FQUNC   PARK   PCW 

USE  NEW  LARGE   ELEMENT  AS  COMPARI- 
SO   VALUE 

SAVE   VAL   CF   PIVOT   ELEMENT 

MULT   FIVOT   INTO   PPCC   ACCUMULATOR 

IF   PIVCT   CN   OIAG  SKIP  ROW   EXO 

CHANGE   SIGN   BECAUSE  OF  ROW   EXCH 
56 

C1760 
01770 
01780 
01790 
01800 
01805 
01810 
01820 
01830 
01840 
C1850 
01860 
01900 
C1910 
01920 
01930 
C1940 
01950 
01960 
C1970 
01980 
0199C 
02000 
02005 
C2010 
02020 
02030 
02040 
C2060 
02070 
C2080 
02090 
02100 
02110 
02120 
02130 
02140 
02150 
C2160 
02170 
02180 
C2190 
G22C0 
02210 
C2220 
02230 
02240 
02250 
02260 
C22 70 
02260 
02290 
C2J0O 
02310 
02320 
C2330 
02340 
C2350 
02360 
02370 
C2ieo 

in II müü iMMriy11-'-^"^''^"'--"-^"''"'^'''"'"'' ■w^1"  ■—•'-—'~ 



'''.r'J:'!^'!^7^'^' .1   "'"   '' ^^^'Tl ' zzszzzzzz T^^-^TT? iiii,nifpii11     iiiu^niwy mimin»»»'»-"^"'— 

c LOOP TO EXCH OIAG AND PIVCT RCWS 

410 
415 

ELIHINATICN  LCOP 

44 S 
450 
455 
4*| 

462 

463 

DO   410   J-M,NJ3 

CST0-CMAT3IK.J1 
CMAT3(KtJ)«CMAT3(MI»JI 
CMAT3(MI,JI-CST0 
CONTINUE 
CONTINUE 
00 ♦SO   I-MIPltNIS 

CFAC»CNAT3fI«M)/CSTOR 
DO   445  J«MPlfKJ3 

LOOP  ACROSS  PCW  IN  CMAT3 
CMÄT3»!'tJI-CHAT3(I,J)-CHAT3C>'I,JI*CFAC 
CONTINUE 
CONTINUE 
60 TO I461*462t463lf NFR 
CDET-COET*CMATltNIItNJll 
RETURN 
C0ET*C0ET*CNAT2(M2tNJ2) 
RETURN 
C0ET»CDET*CMAT3(NI3,NJ3) 
RETURN 

MULT LAST ELEMENT INTC DETEPM 
END 

02390 
02400 
02410 
02420 
C2430 
02440 
02480 
C2490 
02500 
02510 
02520 
02530 
C2540 
02550 
025T0 
02572 
02574 
C25 76 
02578 
02582 
02584 
02600 
02590 
02610 

57 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 

c 

c 
c 

c 
c 

c 
c 

c 
c 

c 
c 

61 

82 

83 

C 
C 
C 
C 
C 
C 

C 

C 

SUBROUTINE   SmLVlcMATl.Nl l,NJl,NOIMlI,NO:MlJ,CMAT2,Nl2tNJ2,KDIM2I 
ltNDIM2JtCMA7 3*N0IM3I.N0IM3J,CMAT4iN0IM4I»N0IM4J(CRHStCSCLNI 

SUBROUTINE  TO  BACKSCLVE   A TRIANGULARIZEC  SYSTEM  OF SPAftCELV- 
COUPLEO LINEAR   EQUATION 
BY L   W  PEARSON   7/74 
REVISED  5/7: 

STORAGE  FORM  COMPATIBLE   WITH THE  TRIANGULARIZATION RCUTINE    SPARGE 

THE  ENTRY   'HO^SLV*   BELCW  ALLOWS  THE  SOLUTION  FOR  NATURAL  VECTORS 
OF  HOMOGENEOUS   SYSTEMS PROVIDED  THE  DETERMINANT  OF  THE SYSTEM   IS 
ZERO 

IMPLICIT COMPLEX*16(C)lREAL*8(A»B»0-HtC-Z) 
DIMENSION CMATUNCIMlItN0IMlJ),CNAT2(N0IM2ItNOIM2J)iCMAT3(NDIM3ItN 

lDIM3JI(CMAT4(KDIM4I»N0IN4JltCRHS(NDmi)|CSCLN(N0lM3I) 
LOGICAL  LHOM 

SETUP  FOR  INHCPCGEIkECUS  SYSTEM 

LHCM>.FALSE. 

NI3«NI1*NI2 

NJ3-NI3-NJI-NJ2 

NU«NII-M1 

ND2-NJ2-M4 

NPR«3 
IF(NJ3.LT.1I   NPR«2 

IFINJ3«NJ2.LT.l)   NPR«L 

GO TO   (81»82t63)   ,   NPR 

SET   INCICATCP   FOR   INHOM   ENTRY 

NO ROWS   IN COUPLING  SOBMATRIX 

NO  CF  COLS 

NO   ROWS   IN  SECONDARY   COUPLING 
SUBMATRIX 

NO OF   DIAGONAL  TERMS  CF   MATRIX 
IN  CMAT2 

SET   INDICATOR  FOR   NULL  CMAT3 
DEGENERACY 

SET   INDICATOR   FOR   NULL CMAT2   G 
CMAT3 

GO MAKE  FIRST   DIVISION FOR RIGHT- 
MOST   PMTRIX 

CSCLN(NI3)«CRHSfNI3)/CMATl(NIl,NJl) 
GO TO   IOC 
CS0LN(NI3)«CPH.<i(NI3l/CMAT2(NI2,NJ2) 
GO TO  100 
CSOLN (NI 3) «CR HS ( N13 ) /CPAT3 f NI31N J3) 

SOLVE FOR 'LAST* UNKNChN 
GO TO 100 

GO  TC   SCLN   ROUTINES 

END   OF   SETUP   FOR   INhCM  SYSTEM 

BEGIN   ENTRY/SETUP   FOR   HOMOGENEOUS   SYSTEM 

ENTRY  H0MSLV(CMATltNIlfNJl»N0IMlIfNDIMlJ.CMAT2tNI2fNJ2tN0I»'2I*N0IM 
12JiCMAT3tNDIM3I»NC^3JtCMAT4tNCIM4IfNClP4JtCSOLN»N0RD) 

00010 
00020 
00030 
00040 
00050 
00052 
(IC054 
00056 
00060 
0CO10 
00080 
00090 
C0100 
00110 
00120 
00130 
00140 
00150 
0(3160 
00170 
00180 
00190 
00200 
00210 
0C220 
00230 
00240 
0C250 
00260 
00270 
00280 
00290 
00300 

LHCM.TRUE. 
LOGICAL   INDICATOR   FOR   HOMOGEN   SYS 

00320 
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 

58 
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C 
C 
c 
c 
c 
c 

100 

c 
c 

NI3-NI1«NI2 
NJ3-NI3-M1-MJ2 
NM>Nn-NJl 
N02-NJ2-M4 
CS0LNtNI3)>l 

ASSIGN   ARBITRARY   ELEflEltf   IN  SCL'N 

END   SETUP  FCR   HOCCthECUS   ENTRY 

BEGIN   BACKSOLVE   FOR   EQUATIONS   INVOLVING   ONLY  CMAT3   (LAST  NJ3  EQSI 

FMAX'CCABS(CS0LN(Nl3i) 
IMAX«NI3 
IF(NJ3.LT.2)   GC   TC  2C0 

SKIP   ROUTINE   IF   ONLY   LAST   VARIABL 
COUPLES   (IT   WAS   SOLVED/ASSIGNED 
ABOVE) 

CO   150   I02fNJ3 
ICHl«IC-l 
I-NI3-IC + 1 
I-M3-IC+1 

C 
C 

C 
C 

C 
c 

c 

c 

I 

c 

c 

110 

J03-I-NJ1-NJ2 

CSUH«0 
DO   110   J301»ICH1 

J3-NJ3+1-J3C 

J=M3*i-J3C 

CSUH«CSU>'-CMAT3(I,J3)*CS0LN(JI 
CONTINUE 
IF( .NOT.LHOM)   CSLM«CSU«»CPHS(I» 

C;;L(.   MATRIX   ROW   INCX   FROM 
COMPLEMENTARY   I NDX 

COL   INOX   FCR   CMAT3   WHICH   DEFINES 
DUG   CF   MATRIX 

LOOP   TO   ACCLM   NEGATIVE   SUN  CF 
PREVIOUSLr   CALC'D  UNKNS 

COL   OF  COEF   IN  CHAT3 

ROW   OF   UNKN   Ih   CSCL^ 

AOO   R   H   S   TO   SUM 

150 
C 
C 
C 

C 
C 

200 

CSÜLN(I)=CSUM/CfAT3(I,JD3l 
DIVIDE   BY  DIAG  COEF 

IF(COABS(CSOLMin .LE.FPAX )   GOTO   150 
FNAX«CDABStCSCLNCtll 
IMAX«! 

CHECK   FCR   MAX   ELEMENT 
CONTINUE 

BEGIN  ROUTINE   TL   SCLVE  FCR   ELEMENTS   INVOLVING   CMAT3   E   CMAT2 

IF(M3.GE.NI2)   GU   TO   300 
SKIP   PCUTIfsE   IF   DIAG   GOES  NOT 
PASS   THRU   CMAT2 

00 250   IC=lfNC2 
ICM1»IC-1 
I2»N12-NJ3»l-IC 
I3«M3-NJ3*1-IC 
JD2"NJ2*1-IC 
NCM1*NJ3*IC-1 
CSUM-0 
IF(NJ3.LT.l»   GO   TO   215 
00   210   JC=1,NJ3 

LOOP   TO   SUM  CCNTRIB  FROM  CMAT3 
59 

00450 1 
C0460 
00470 
00480 
0C490 
00500 
CC510 
00520 
00530 
0C540 
005S0 
00560 
0C570 
00580 
00590 
006C0 

: 

00610 
CC62C 
00i.3C 
006 40 
00650 

' CC/660 
00670 
C0680 
00690 
00700 
00710 
00720 
007 30 1 
00740 1 
00750 J 
00760 
00770 
00780 
CC790 
00800 
00810 
ecH2o 
0C830 ; 
0084C 
00850 
00860 
00870 
00880 
00890 
00900           | 
00910           1 
00920 
CC930 
00940 
00950 
CC960 
00970 
00980 
00990 
01000 
01010 
01020 

01030 
01040 1 
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220 
225 

250 
C 
C 
C 

300 

J3-NJ3M-JC 
J-NI3»l-JC 
CS0M-tSUM-CMAT3I 13,J3)«CSCLN(J) 

210     CONTINUE 
215     IFdCMl.LT.U   GO  TO  228 

: SKIP   IF  NO  TERMS   CONTRIB  FR  CMAT2 
00   220 J2C>lfICMl 
J2«M2*l-J2C 
J-M3-NJ3M-J2C 
CSUM«CSUM-CMAT2n2tJ2»*CS0LNIJ) 
CONTINUE 
IFJ.NOT.LHOM»   CSL^'CSU^^CBf'SCni 
CS0LN(I3)«CSUM/CHAT2(I2tJ02r 

IFCC0AeS(CSQLN(I3)).LE.F*fAXl   GO TO  250 
FNAX-C0ABS(CSCLN{I3I) 
INAX-1 
CONTINUE 

BEGIN  ROUTINE  TO   SOLVE   FOK   ELEMENTS   INVOLVING  CMAT3   fiCMATs 

IF(NI4.LT.ll   GC   TC   400 
DO 350 IC>L»NI4 
I4»NI4*I-IC 
JD4M4 
I3«Ml*l-l[C 
CSUM-0 
IF<NJ3.LT.l)   GO  TO   315 
00   310  J3C-lfNJ3 
J3«NJ3*l-J3C 
J»M3*1-J3C 
CSUM«CSUN-CMAT3(I 3,J3)*CSOuNU) 

310     CONTINUE 
315     NSUBS«NC2*IC-l 

: NC  CF   NCN-OIAG   CMAT4   EL'S   IN   EO 
IF(NSUBS.LT.l I   GO   TO   325 
00  320   J4C*. ASUBS 
J4«NJ2*1-J4C 
J»M3-NJ3*1-J4C 
CSUM»CSUK-CMAr4(I4tJ4»*CS0LNIJ) 
CONTINUE 
IF(.NOT.LHCM»   CSUM»CSUH*CRHS«13) 
CSQLN(I3»«CSU»'/CMT4m,I4l 
IF(CDAeS(CSOLN( I3)).LE.FMAX)  GO  TO   350 
FMAX=CÜABS(CSCLN( 131) 
IMAX-I3 
CONTINUE 

BEGIN  ROUTINE   TC   SCLVE   EC'S   INVOLVING  CKAT3   £   CMAT1 

400      IF(NJl.LT.l»   GC   TC  455 
DO   450 IC*1,NJ1 
I»NJ1*1-IC 
ICNl«IC-l 
CSUM-0 
If-*NJ3.LT.l»   GO   TO   415 
DO  410   J3C-ltNJ3 
J3«NJ3*l-J3C 
J-M3+1-J3C 
CSUM-CSUM-CMAT3( I , J3I*CSCLM J) 

410      CONTINUE 
415     IF(ICMl.lT.l)   GC  TC  425 

60 

320 
325 

350 
C 
C 
C 

01050 
01060 
01070 
01080 
01090 
cnoo 
OHIO 
01120 
C1130 
01140 
01150 
C1160 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
01240 

01260 
01270 
01280 
01290 

C1300 
01310 
C1320 
01330 
01340 
CI350 
01360 
01370 
01380 
01390 
C1400 
C1410 
01420 
C1430 
01440 
01450 
C1460 
01470 
J1480 
C1490 
C15C0 
01510 

01520 
01530 
01540 
01550 

C1560 
01570 
01580 
01590 
01600 
C1610 
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420 
425 

450 

455 

C 
C 
c 
c 

i 

c 
c 
c 
c 
c 

00 420 JOl.ICMl 
J-MU1-JC 
CSUM>CSUM-CMATl(ItJ)*CSQLNIJI 
CONTINUE 
IFI.NOT.LHON)   CSUP-CSUt'+CRI-S «I» 
csoLN(n«csuM/r.HATi(i,n 
IF(CDABS(CSOLN(I »».IE.FMAX»   GO TO  450 
FMAX-COABSICSCLMD) 
IMAX>I 
CONTINUE 

ENO OF  SOLUTION 

IF(.NOT.LHOM)   RETURN 
RETIMN  IF   INHOM  SYSTEM 

100 

BEGIN NORMALIZATION ROUTINE  FOR  NATURAL  VECTCR  FOP   HCMCGENEOUS 
CASE 

CSCALE-l./CSOLNdMA*) 
00 500   I-1.NI3 
C.'CLN(I)»CSOL^(I)*CSCALE 
CONTINUE 
RETURN 
ENO 

i;1620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 
01760 
01770 
01780 
01790 
01800 
01810 
01820 
01830 
C1840 
018 50 
C1860 
01870 

61 
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100 

DIMFN^ION  Xdl.Ydl 
OH   100  !«ltN 
X(TI«V(T) 

BPTU»M 
FMD 

09340 
09350 
09360 
09370 
09380 
09390 
09403 

62 
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100 

SUBPnjTTNP   ZFR0Z(IARR«V,MI 
OINFMSnN  lAPPAYd) 
0"   100   T«lfN 

:DMTINUI= 
RETUBM 
FNO 

09*10 
09420 
094 3u 
09*fO 
09450 
09460 
09<V70 

63 
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1 

100 

?00 

SU^mUTTNE   OWEPDLCFrNfN.OPLTA.VlNT) 
I«»I»L151T   R5AL*8(A-H,n-Z) 
Cf>MPLEX»l6   FCN,C,VINT 
OIMFNSTON  FCNJN» 
OtMFNSION   nFF(6) 
OAT* cnEF/z.notS.oOti.no.ö.no,1.00,5.00/ 
IF(CN-U/5*6,E0.N-ll   GO    rr    mo 
HI»TTF(6,1) 
FOBMATCOINCORPFCT   POINTS   Ti   WFOOLF«) 
A-l/0 
cmiNUF 
VINT-0 
01   200  J«l,N 
jr?FF«J-((J-l»/6>*6 
VlNT.VINT*COFF(Jf,nFF»*FCNJJ| 
CONTINUE 
VIMT«(vTNT-FrM(n-FrM(NI)*(0.3D0,0.D0)*Dr^PLX(r)ELT*,O.OOI 
RETURN 
END 

09*60 
09^90 
r»95no 
09510 
09523 
09530 
09540 
09550 
'^9560 
09570 
095 80 

09600 
mio 
P9620 
096?^, 

09640 
09650 
09660 
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C.ZANLYT. 
r 
r 
c 
c 
c 
c 
c 
c 
r 
c 
r 
r 
r. 
c 
c 
c 
r 
c 
c 
r 
c 
r 
c 
c 
c 
c 
r 
r 
c 
c 
r. 
c 
c 
r 
C 
c 
r 
c 
r 
r 
C 
c 
c 
r 
r 
c 
c 
c 
r 
r. 
r 
r 
C 
c 
c 
r 
r 

r, 
r , 
p 

FUNCTIfN 

US«5E 

PARAMETERS        F 

MULLFR'S 
AN   ANALYTIC 
MFTHrO  WITH 

CPMPLFX 

-   A 

ZAN096 7O 
ZAN09S8a 
ZAN09690 
ZAN09700 
ZAN09710 
ZAN09720 
ZAN09730 
ZAN09740 
ZAN09750 
ZAN09760 
ZANn9770 

EPS 

NSIG 

KN 

MGUESS 

N 

X -   A 

ITMAX 

INFFR 

DETERMINATION CF 
FUNCTION USTNr, 
DEFLATiOM 

CALL   ZANLYr   (F,FPS, NSIG, KNtNGUFSS.N,X» ITMAX, 
INFER,IER) 
FUNCTION   SUBPRPGPAM,   F(Z),   WPITTEN   ßy  THF 
U«EP   «IPECIPYTNG THF   EQUATION   WHCSF   ROCTS 
ARE   TO   RE   HOUND.     F   MUST   RF   Typf-NAMFD  A« 
FOLLOWS   - COMPLEX   FUNCTION   FM6   «Z) 

IST   STOPPING  CRITEPIrN.      A   ROOT   Z     IS   ACrEPTEDZAN09780 
IF   »RS^LUTF   VALUE   OF   P(Z)   .LE.   ^PS   (INPUT)      ZAN09790 

2ND  STOPPING CRTTFFION.     A   ROOT   T5   ACCFPTFD       ZAN09fl00 
IF   TWO   SUCCESSIVE   APPROXIMATIONS   TO   A   GIVFM   ZAN09810 
ROn*   ar,PFF   IV   THE   FIRST   NSIG   DIBITS.    (INPUT) ZAN09fl20 

NOTg,   IF  EITHFR   CR   BOTH  OF  THF   STOPPING       ZÄN09830 
TRTTFOIA   A"?   FULFILLED,   THF   RrC'   IS ZÄN09B<,0 
ACCFOTFO. ZAN09fl5n 

THF   NUMBFR   CF   KNOWN   fiOCTS   WHICH   MUST    BF  STÖREDZAN09860 
TV   X(1),...,X(KN),    PRIOR   TO   ENTRY   Tp   ZANLYT   ZAN09870 

THE   NUMPPR   OF   INITIAL   GUESSES   PROVIDED.  THESE 
GUESSES   MUST   PF   STppED   IN  X(KN+l),.,., 
X(KN+Nf;ilESS»   AMD  NGUESS   MUST   BE   SET   EQUAL 
TO   ZFPO   IF  Nn   GUESSES   APE  PPOVIDED.   (IMOtJT) 

THF   NUMBER   OF  NEW  RnrTS   TO   RE   FOUND   BY 
ZANLYT   (INPUT) 
LONG-WPPO  COMPLEX   VECTOO    ARRAY   OF   LENGTH 
,GE.   3*(KN«-N).   X( 1 ),..., X( KM)   ON   INPUT 
MijST   CONTAIN   ANY   KNOWN   ROOTS.   X(KKM),...f 

X(KN*-N)   ON  INPUT   MAY,   A-»   THE  USER'S   OPTION, 
rnNTAIN   INITIAL   GUESSES   FOR   THE   N   NEW 
PO^TS   WHICH  APE Tr   RF   rnMPUTFD.   ON   OUTPUT, 
X(KM*n,...,   X(KN*M)   CONTAIN   EITHFP    A   ROOT 
mRRErT   TO   WITHIM   A   CONVERGENCE   CRITFRPN 
OR  THE   vALlJE(12?)45678.123'V5678n4-0,12345678. 
?2?*:v5678r)i0)   INDICATIVE  OF   A   FAILURE   TP 

»'"HIEVC  THIi   SPFflFItD  CONVERGENCE   FOR   THAT 
PPPT.,    ?«Y   X(KN*J).   IN  THE   LATER   CASE,   THE 
MOST   R?CENT  «PPRPXIMATIO^   TP   X(KN-»-J)    Tc 
'VAt»«Sie   IN   X(ISUB),   WHERE   ISUR=2*<KN+N)+J 

THE   MAXIMUM   ALLOW/SPLE   MJMPFR   PF   ITERATIONS 
PEP   PPOT   (IMPIJT) 

AN   INTEGER   VFCTPR   CF   LENGTH   .GF.   KN+M.     ON 
OUTPUT   TMFER(J)   CONTAINS   THE   NUMBE"   ^F 
TT.FR»TinMS   USED   IN   FINPINP   TMP   J-TH   ROOT 

WHEN  rONVERGEMCE  WA^   »rniEVED.      1*= 
COMVPRHPNCE   WAS  NPT   rBTATNF0   IN   UMAX 
ITiecATIOVS,   INFFR(J)   WILL   CONTAIN   ITMAX4-1 

IER 

PRECISION 
REO'O   IMSL   ROUTINES 
AUTHnR/IMPLEMENTOR 
LANGUAGE 

(OUTPUT) 
Fppno  PARAMFTEo   (OUTPUT) 

WARNING   cRROR   =   32   ■•■   N 
N » 1 FAILURE TP CPNVEPCE 
ITPPATI-INS PTR OMF ^F THE 
BE   cnONO 

OmiBLE 
UFPT«:T 

P.   G.   JOHNSCN/L.   L.   WILLIAMS 
FPRTo«M 

WITHIN   ITMAX 
(MJ   NFW  ROOTS IT 

LATEST  9FVISI1N SEPTEMPED   1,   I97T 
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ZAN09880 
ZAN09893 
ZAN09903 
ZAN09910 
ZAN09920 
ZANn9930 
ZAN09940 
ZAN0995n 
ZAN0996I3 
ZAN0997n 
ZAN0998D 
ZAN09990 
ZANIOOOO 
ZAN10O1O 
ZAN10020 
ZAN10D30 
ZAN10040 
ZAN10050 
ZANitmn 
ZAN1','370 
ZANlOOBn 
ZAN10393 
ZAN10100 
ZAN10113 
ZANlC12n 
ZAN10130 
ZAN10140 
ZANIC150 
ZAN10160 
ZAN1P170 
ZANTOIB^ 
ZAN10I.90 
ZAN1020') 
ZANIO210 
ZAMIO220 
ZAN102 3r 
ZAN10240 
Z 4M 02 50 

,Z«NlP?6r 
Z*M10?7ri 
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SET  NUMBER   OF   ITERATIHNS 

SUBPOUTTNF   ZANLVT        IF.PPS ♦ NSIG,KNtNGUESS.N,X, ITMAX,INFER,IERI 
C0HPLFX*16 Xf1),rNEtDtOnfOFN,OT,FPRT,FRT, 

I H,RT,TltT2fT3,TEM,X0,Xl,X2fBIiF,XX 
DOUBLE   PRECTSTPN OZ.FDS.FP«?! 
OI«FN?inN INFFB(l» 
IE»   ■   0 
3ME ■ ll-00*OOfO.OO*00) 
EPS1 « 10.00*00**(-NSTR) 
TCONJ » 0 
IB3MH ■ 0 

MBI   ■  KN+1 
MB2   .   KH*N 
LSTABT   «   MB2M 
MP3   »  mil*NGUESS 
05   ?   I   »   MPG,MB2 

Xd)   ■   (0.0+0,0.0+0» 
L   »   MBl 
IF   <KN   .EO.   0)   GO   TO   5 
00   3   I   »   I,KM 

IMFER(I)   «  0 
TTEMP   ■   MB2+I 
XJITEMO»   »  Xd» 
ITFMP   «   MR2+ITEMP 

3   X(TTEMP)   «   X( I) 
5  JK   -   0 

oz - coABsmm 
IF   (OZ   .LE.   1 .00-15)   GO   Tl 

10   RT   =   (.90*-00, O.0O*0O»*X(L) 
ASSIGN   15   TO NN 
GT TT ns 

15   XO   '   FPRT 
RT   x   (l,lO«-00 ,o.oo*ooi*xrLi 
»S<:TGN  20  Tn NN 
GO rn 135 

20   XI    =   PPRT 
H - xm-RT 
RT   «   X<L) 
ASSIGN   40  TH NN 
on n l35 

25  RT   =  -ONE 
ASSIGN   30   TO NN 
Gr   TO   135 

30  XO   »   FPPT 
OT   x   HNE 
AS«:T3N  35   TO NN 
fil   TT   1*5 

35   XI    «   FPRT 
P"r   «=   (0.00«-')') ,o.oo«-oo» 
H   «   -ONE 
ASSTGN  40   TO NN 
30   Tn   135 

40   X2   «   FPPT 
45   0  =   (-0,50«-00 f0.«0+00) 

50   00   =   PNF   ♦   0 
Tl    x   X0*0*0 
T2   «   Xl^OO^DT 

25 
POCT   FSTIM/JTF  MfT   i:QUftL  TO   zppc 

ROOT   ESTIMATF   EOUH   T0   Z^PO 

REGIN   «AU1   ^LGnpTTHM 

66 

ZAN10287 
ZAN10290 
ZAN10300 
ZAN10310 
ZAN10320 
ZANlOTSn 
ZANl(734n 
ZAN1O350 
ZAN10360 
ZAN10370 
ZANl03flO 
ZANl039t) 
ZAN10400 
ZAN10410 
ZAN10*20 
ZAN10430 
ZAN10440 
ZAN10450 
ZAN10460 
ZAN10*70 
ZANin480 
ZANin49n 
Z«N10500 
Z&N10510 
ZAN10520 
ZAN1053O 
ZAN10540 
ZAN10559 
ZftNl0560 
ZAN10570 
ZÄN10580 
ZANn590 
ZAN10600 
Z«MI0610 
ZAN10620 
ZAN10630 
ZANIC640 
ZAN10650 
ZANlOiftO 
ZAN10670 
ZÄN10680 
ZAN10590 
ZAN10700 
ZAN10710 
ZAN1O720 
ZAN10730 
ZAN10743 
ZaNl079D 
ZAN10760 
ZAN10770 
ZAN1078? 
ZAN10790 
ZAMOBOO 
ZANinaiO 
Z«N10B2n 
ZAM10830 
ZAN1084'> 
ZANIOBSO 
ZANlOSfcO 
ZANlnfl70 
ZiNlOflai 
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1   '__'*>* 

xx ■ x2*on 
"-a   »   X2«D 
PT   .   T1-T2+XX*T3 
DE^   «   '»r*«I-(^.0n*0,''.r>*'>l«(XX*Tl-T3#(T2-xx)) 

'JSF   DFWCMIK'ATPR   rp   MAXIMUM   4MPI ITt)Ot 
Tl   »   roSQRT(nFM) 
T2   »   BT   ♦   T) 

■f»    m   «T     -    TT 
OZ   «  ro**S(T2)   - rnAP<:(T3) 
TF   (oz .^P. ->) r,n rp fto 

fjn TQ 6S 

60  OFM   »   T? 
r TFST   FTP   ZFcr   OFNirMTM^TPF 

65  OZ   =  roABSiDEN) 
TF nz .o"»". i.n-i5) r,n T 75 

70   OFM   =   "MP 

M « or ♦ M 
BT   «   RT    ♦   M 

rHFfK   COK'VFFGFNfE   H F   THF   FIRST   KINO 
OZ   =   '0&BS(H/PT| 
TF   (OZ   .LE.   FPSU   R1 Tn   100 

80   »'«■TPN   85   T',   MW 
f-T   T"1   135 

85   r>l   =   CDAPS(FPRT)-rD^P<;(X2*(n.^D0,0.',n',)) 
TF    OZ   .LT.   O.D*0)   r,n   rr   95 

r ▼AKF REMEDIAL ^^'T^^J T? TNourp 
f rpN.y/FPr,F'l''F 

90   DT   =   DT*(O.5D4-00,O.0r>+O0) 
H = HMO.sruno.o.on+oo) 
RT    =    BT-H 
rO TT   1.?5 

<>5   XO =  XI 
XI *   X2 
%"> s   FORT 
0 = 01 
-p   rn   50 

100   FRT   =    PCP-') 
105   X(L)    =   RT 

X(TTFMP)     ■    PT 
TTpMO   •   M^J+MP'+L 
X(TTFMO)    s    RT 

r ^HpfK TO 5FF  rp rrMPLFx-rrrjimrTF 

TF    (COADS (FIOrrNJGfXIDm    .rs.   10.r*0*'-D',BS(FPT»)   GO   Tr   U5 
OZ   =   COif^mU-  OrnM,|r(x(L ) )) 
TF   IICONJ   .NF.  0  .HP.   nz   .LT.   1.00-0)   r,r rr   115 
»START   =   L*-2 
T^!«;FOT   s   L + I 

0"   110   TNSPRT   .   TSTrcTtMt,2 
XfTNSERT)   = X(IN«;CPI» 

110 TVfFRt    =   IK'SFR" 
X(L+1 )   =   Or_,MJG(X(L)) 
T'-IVJ   =   1 
"O   T"1   120 

115  Kn» J  =  0 
12 0  ^OM^TNUE 
125   IMP"«!.)   =   JK 

67 

.1'AN10I)9', 

z^'no^oo 
Z4fU09n 
Z,.Nn92P 
ZivJlOP^O 
ZANl04/»3 
Zftf;i095n 
ZANiri96T 

ZANio^an 
ZAM10993 
ziNn',r'~ 
ZANUOIO 
Z'\N11020 
ZAN11030 
ZANT)040 
2ANU05D 
ZiNUOoO 
ZAMHTO 
ZAMlDSn 
ZAN11090 
ZAN11100 
Z4N11U0 
ZANU120 
ZAMlllSn 
ZANUUC 
ZANUTSn 
ZAN11160 
ZANIUTO 
ZANlllSO 
ZANll^O 
ZAM1200 
ZANU710 
ZANll22r 
Z.^Nll??? 
ZAVll2^r) 
ZAN'UPS'' 
ZA^11260 
Z4M11770 
ZAM112aO 
ZANT 1290 
Z «Nil SO") 
ZAMI131i 
ZÄNll?2n 
ZAM11330 
ZAN1T?40 
ZANjnsn 
ZAN1136" 
ZAVI11370 
ZAMI1380 
Z»N1139', 

ZAN'HT^rn 
ZAMmn 
ZA^Jn^2', 

Z«NT )>3fi 
ZAMU4J 

Z A N114 50 
Z4N1146D 
Z A NU 4 7" 
Z'N1H80 
ZANll'+90 
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f> 

r 
r 

L   ■   L«-l ?»'il!rj'"1 
IF   (L   .IF.   MH?|   GO   Ti   S ZA^miC 

130  S''   T1   IB« ^^11530 
135   JK   >   JK*t Z4N1.1541 

TF   (JK   .GT.   TTMiXI   r,n  Tp   180 Z4»iii55i 
1*0   FP,r   =   P(PTj Z*N!1560 

FPOT   a   FOT 2*^11570 
TF5T   rr   ^f-c    JF   rro^T   r^nf   j <:   HflNr,       ZAMlr)rt'' 

DFTFPMINBn Z'^11590 
IP    (L    .FO.   1)   r.fl   TO   i6o ZAMI HO" 
Ic   (L   .LF.   IROWR+I)   r-n  T"   lö^ ZJNJlblO 

roMPijT   OFN^MINftTCP   FOR   MrciFjpD Z1\'T1620 
FUNCTION ZftMll63r 

1^5   LfMUP   =   MR2«-L-TP'"'^-l 7.AMll64n 
OT   150   I   =   LSTAB-tlTwUP Z^^llOSC 

TPM   r   RT    -   XC » Z&N1166', 

OZ   a  roapS(TPM) ityi i670 
TF    <0Z   .LT.   S.OO-ISI   ^   '"n   ^5 ZOMmflD 

150   FPPT   =   FPPT/TPM ZAMl]«!^ 
'■HF^K   CfNVFF^FNCE   HF  THF   SFCiND  KIND   ZAN1170C 

160   QZ   =   C0,&BS("T) Z«.NU713 
IF    (OZ   .HE.   FPfl   G"  Tn   17« le.Himr 

165  3Z   =   TPÄRStPPPT) Zt*ni730 
IF    (TZ    .IT.   EP«:)   f-n   rr   105 7^^11740 

17P  5n   T^   NN,(l5,?at30,35,4'>,fl5) Z^M11750 
175  9T   =   ?T   *   ( 1 .00000in*-O,0.0nf0» Z4M11763 

fji   T^   135 Z«M1 1 7 7^ 
'                                                                                         WAFK'IMG   FPPr'5f    PMAX   =   ^XTMijM Z^\11780 

180   TFS   ■   -J-* Z«M1179D 
INPFR(L»   =   TTMAX   ♦   1 Z«M1S"C 
TRPMH = inn«« + 1 zi^maic 
XJL)   =   (T?3A5678.1??45678n*n,l?345678.12345678nt0) Z»M11320 
TTpMp   s   MR2   #.   Mq2   ♦1. Z,MnB3r 

X(ITFMP)    ■   or Z'MlJflAr 
L   =   L*1 Z4N1H5D 
IP   IL   .LE.    MR2)   GO  ■rr'   5 Z*MTtfl6n 

185   IP   (IFR    .F.O.    0)   O"   TP   qoo* Z>Vm70 
9000   nMTTMlJP Z^Vll«?' 

:«LI    UeBTST(TFP»'Z*NLVT« ) Z^Nlldori 
9005  ISTIJIN Z""! i^on 

FMO Z^^'llTK 
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r,jf«TST 
r 
r 
r 
r 
r 

P 
r 
r 
r 
r 
r 
r 

c 
r 

USiPP 
IFO 

N4MFXX 
AUTH"r/T HPLF»1ENTCR 

coppr   MES?,«r.F   i~,fNEF'Tir^ 
rM.L   IIC|=T<;T( jp,f •kl«MEXXt ) 
ppcne    OAO^ypTEF.   TypF    +   Ki      WMFUF 

64   IMPL'E«   WftPNING   WITH   CIX 

M       ■   cocf-o   CTDF   FFl^v,»^T  T^   CMLIMG 
MAMC   -i c  TMF   ffiLL TNG   o^U^TN11 

OFnFp   «VCMDSFN 
cnpTCJM 

LftTFST   i»cviST?N JANMAPY   19,   1971 

SU^PrijTINF   UFRT^T (TFP tM?MC) 

nTMF>JSTnM 
TMTpr1FR*2 
TS)TFf;cP 
cOJT*/ALFNCE 
r)«Tf 

10 

15 

25 

ico^pi» 
TF   «Ico? 

TFB1=4 
r,n TP 2f> 

IF   (TCR7 

IFP1=3 
S'1   TT   20 
IF    (IFP? 

IP'1=? 
R?    T-<    ?0 

TTYP 

PBJNTp 

TTYO(5,4),TBJT(4j 
M4MF(^ | 
WtOM,H«OFt

TEPM,pQy\iTp 

(TPTTdj.w^M.t IBIT(2),WUF)f «IBHO) ,TFRM) 
/lW>PM.   ,» IMP,     •  ,1 ", • I, • •, 

•W'PM» , «TMr-« • , • WJTH» , • 
lypoM«,•TMCL', ' ' t * 
iNPN-» f•nFFI« t'NFD   ' ,' 

/   32,64,128,0/ 
/   6/ 

• • • f 

'/, 

.GF,   W4RM)   RH   TP   5 

.LT.   TEPM»   GO   'n   10 

.LT.    W^OF)   P,n    rn    ,5 

NHN-OFFt^FO 

J^lv^T^•P. (^ITH   FIX) 

W/«Pf'IMG 
TF91=1 

IF02=ICP2-IPIT« TFPI ) 
or-TMT   renne   vF^Cfr,11 

WPITF     (PPtNTR,25)     «rVPCT, TF01 ),I=1 , 5|,K I«»?, TFCZ 
CTRMft-»-«»   »•*    I   M   S   L(!)FRTC,T(   iftfi,.      • t5f4t4X»3A?f4X,I?) 
OETUBVJ 

FMP 

 uFPin?^ 
'Jfl l^T^ 

IJFPliqsp 

!JFP|i96r 
jFPiioro 
I)FBI i9Pn 
;JF=> 1.]490 

FrijTi\.Fjccl9-ir.o 

JFPIPIJO 
■JCD12930 

 JFf:12',4r 

'JF=l216n 
ljPi»12C7r 
JP0120 8^ 

'JFPl^TOO 
JF°1?11C 
JF' l?^' 
t)FP12' 30 
LIE1,121 40 

JFRi21 60 
UF'^lTl 
!.)FDi ?181 
JE?:? ?\9Z 
(jccjp^pr 

ÜP5T2210 
'J"l??20 
lJEP1223', 

ijEc l"40 

.i|F"'l?26f 
.)c5 1 2? 7n 
||CPl?,i^0 
ije o 1 2 ? 9P 
1FD1j^nr 

ÜE0l23n 
Jp"I??20 
JF0 1?^33 
lie; 1 p-^« 

UF" 12350 
JFB12?6') 
•JFe'121(7r 
iJEO-l 2:,8r. 
ljePl2J9D 
ÜCP12'V00 
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1 

in 

160 

230 
?40 

280 
290 

320 

390 

*30 

480 
490 

0I^PV5TnM FjmfF>KPCXP),r',m 
iyMAXr»M««X 
IcngMaxT.r.F." KT" Tn *" 
TF^reR«;(ft).lP.l.on-1')l^.', Tr  in 
r.r rn  ^f) 
TFQRx4 

TFCJS.^T.O.O)^"   TT   A0 
tPin«BSU»,LP.l.',o-Hir,r rr ^ 
icpp.l 
0FTl)P\J 

BFTltPP^ 
IP( K.RT.O.'JIRO T^«  n« 
IfIRP»3 
PPTIJPM 

coci nNr,5no*ir.**(-NO) 
MMPis\iMAX*l 
0->   160   N«1,NMP1 
FJAPPXCVJ^O.O 
«JM = (X/2.)**Ä/nr,A^M sei.*/») 

01=2. 30?ftOO*N?«-1.38Mno 
IF(Nv«xT.LP.O )r,"   in   pilO 
y = .«iT^*r>i/MMAXT 

P = VM/IXT♦T^M<: 
r;n   yr   240 
»=0.0 
Y».7357600*01/X 
'HI    TZ(Y,T*NS» 
S'1.3591 DO*X*'«M^ 
lc<p.^T.S j^.n  Tr   290 
K||l=1«.TnTNT(C ( 

^!IJ=1♦•T0T^I^('>) 
M = O 

PL«^. 
LIMTT=(M!//?) 
M1M4.1 

FL'FL*!»^«-*»/!^««.!,^) 
IPJ»«.L'.LTMTTIO''  T" 32,» 
M=?*M 
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